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The thermodynamic tabulations previously published in NSRDS-NBS-37 and the 1974 Supple· 
me~t (1. Phys. Chern. Ref. Data 3,311 [1974]) are extended by 158 new and revised tables. The JANAF 
Thermochemical Tables cover the thermodynamic properties over a wide temperature range with single 
phase tables for the crystal, liquid, and ideal gas slale. The properties given are heat capacity, entropy, 
Gibbs energy function, enthalpy, enthalpy of formation, Gibbs energy of formation, and the logarithm 
of the equilibrium constant for formation of each compound from the elements in their standard 
reference states. Each tabulation li·sts all pertinent input data and contains a critical evaluation of 
the literature upon which these values are based. Literature references are gIven. 
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Since the inception of the JANAF Thermochemical 
Tables project in late 1959, the tables have been 
collected together to form six publications [1-6]. The 
four early publications [3-6] are superceded by two more 
recent publications [1,2]. NSRDS-NBS-37 [1] includes 
all work through June 30, 1970. Tables generated in the 
period June 30, 1970 to June 30, 1972 are included in 
the recently published 1974 Supplement [2]. Tables 
generated in the period June 30, 1972 to June 30, 1974 
are combined in this article to provide 158 additional 
tables which are to be used in conjunction with the two 
more recent publications [I, 2]. 

An important aspect of this article is the inclusion of 
four new elements- V, Nb, Ta, and Cr. As of June 30, 
1974, there are 1267 tabulations involving 35 elements 
and their compounds. The 35 elements include H, Li, 
Be, B, C, N, 0, F, Na, Mg, AI, Si, P, S, CI, K, Ca, Ti, 
Y, Cr, Fe, Co, Cu, Br, Sr, Zr, Nb, Mo, I, Cs, Ba, Ta, W, 
Hg, and Pb. 

The JANAF Thermochemical Tables are prepared 
following the procedures outlined in NSRDS-NBS-37 
[1]. In our analyses of equilibrium data we give tabula· 
tions for the 2nd and 3rd law results and often list values 
(in units of eu or gibbs/mol) for the "drift". This is 
discussed briefly on page 5 in NSRDS-NBS-37 [1] 
This drift actually refers to the difference, ~298 (3rd 
law) - ~298 (2nd law). ~298 (2nd law) is not calculated, 
however, via the usual second law method or the I
method. It is instead derived from the slope of the 
assumed linear temperature dependence of the devia· 
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tions from the mean of the 3rd law heats of reaction. 
Our experience indicates that, this method agrees 
closely, but not exactly, with the I-method. 

In the tabulations the Gibbs free energy function and 
the enthalpy are referenced to 298.15 K. Throughout the 
JANAF project we have striven for internal consistency. 
Internal and external reviews, however, do not always 
remove some minor discrepancies. In addition, changes 
in the nomenclature as adopted by Chemical Abstracts 
leave the tables with some outdated chemical names. 
Changes in the atomic weights and the temperature scale 
also cause minor internal inconsistencies. At present we 
are maintaining the nomenclature within the tables while 
gradually converting each new or revised table to the 
1969 atomic weights and the IPTS-68 temperature 
scale. This is not an easy and unambiguous task, as the 
articles appearing in the literature do not always specify 
the standards used. Finally, the JANAF Tables are 
presented in terms of the thermochemical calorie. The 
symbols cal mol-I deg- I and gibbs/mol are identical 
and refer to units of defined calorie per degree-mole. 
These units can be converted to SI units of joules per 
degree· mole by multiplying the tabulated value by 4.184. 
Similarly, values in kilocalories per mole can be con
verted to kilojoules per mole by multiplying by the same 
factor. Vibrational frequencies are expressed in their 
wavenumber (em-I) equivalents. 

Two indices are provided in this article. The index in 
section 4 lists the tables which appear in this article. 
The list is alphabetical by name. Where applicable, the 
appropriate cross reference for the currently accepted 
Chemical Abstracts name is also included. The index in 
section 5 is the complete index for the JANAF Thermo
chemical Tables. This complete index lists tables which 
are in NSRDS-NBS-37 [1], the 1974 Supplement [2], 
and tables which are in this article (the latter indicated 
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2 CHASE ETAl 

by an "*"). It should be emphasized that the tables in 
this article may be new (in which case there is no corres· 
ponding entry in the previous two publications [1, 2D 
or revised (in which case the table in this article super
cedes the corresponding table in one of the previous 
two publications [1, 2]. The tables are arranged in this 
article in the same order as given in the complete index 
of section 5. The order is the same as that used by Chern· 
ical Abstracts in their formula index. 
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Titantium Oxide (Ti 20 3 , 1')...................... ...... 151 
Titanium Oxide (ThOs. c, a).......................... 158 
Titanium Oxide (Ti 30 s, c, f3).......................... 159 
Titanium Oxide (Tia05. 1')............................. 160 
Titanium Oxide (Ti 4 0 7 , c).............................. 163 
Titanium Oxide (Ti 40 7 , 1')............................. 164 
Trichromium Dicarbide (Cr3C Z , c) ................... 55 
Trititanium Pentoxide, Alpha (Th05. c, a) ........ 158 
Trititanium Pentoxide, Beta (TbOs, c, (3).. ........ 159 
Trititanium Pentoxide (TiaOs, 1')...... ............... 160 
Vanadium (V, ref. st.)..................... ............... 172 
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Vanadium (V, 1').......................................... 174 
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Vanadium Dioxide (V0 2 , g) ............................ 149 
Vanadium Mononitride (VN. c) ....................... 118 
Vanadium Mononitride (VN. g) ....................... 119 
Vanadium Monoxide (VO, c).................... ....... 141 
Vanadium Monoxide (VO, 1')............ .............. 142 
Vanadium Monoxide (VO, g) .......................... 143 
Vanadium Nitride (VN 0.465, c)......................... 117 
V anadium Nitrid~ (VN, c) .............................. 118 
Vanadium Nitride (VN, g).............................. 119 
Vanadium Oxide (VO, c)................................ 141 
Vanadium Oxide (VO, 1')...... ......................... 142 
Vanadium Oxide (VO, g)................................ 143 
Vanadium Oxide (VOz, g)............................... 149 

Vanadium Oxide (VOZ0 3 , c) ........................... 152 
Vanadium Oxide (V020 3 , 1') .. ........................ 153 
Vanadium Oxide (V 204 , c).... .......................... 154 
Vanadium Oxide (V 204 • 1')............................. 155 

Vanadium Oxide (V 205, c).............................. 161 
Vanadium Oxide (V 205, 1')............................. 162 
Vanadium Subnitride (VN0.465. c)..................... ll7 
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Filing 
Order 

Al 

Al 

Al 

Al 
AI+ 

AlB02 
AIBr 

AlBr 3 
AlBr

3 
AIBr

3 
AICI 
AIC1+ 

AIClF 

AIClF 2 

AlClO 

AICIO 

AICl 2 
AICl

2 
+ 

AIC1 2F 

AICl
3 

AICl 3 
AICl 3 
AICl 4 K 

AICl 4 Na 

AlCl 6K3 
AICl 6 Na 3 
AlF 
AIF+ 

AlF3 

AlF3 
AlF4Li 

AIF 4 Na 

AlF6K3 

AlF6 Li 3 

AlF6Li3 
AIF 6Na 3 
AIr 6 Na 3 

AIH 

AIH 

AIHO 
AlHO+ 

AIHO 
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5. Complete List of JANAf Thermochemical Tables 

Table Title 

Aluminum (ref. st. l 

Aluminum (cl 

Al uminum (tl 

Aluminum, Monatomic (fl 

Aluminum Unipositive Ion (gl 

Aluminum Boron Dioxide (El 

Aluminum Monobromide (El 

Aluminum Tribromide (cl 

Alum1num Tribromide (el 

Aluminum Tribromide (gl 
I 

Aluminum Monochloride (gl 

Aluminum Monochloride 
Unipositive Ion (gl 

Aluminum Chlorofluroide (gl 

Aluminum Chlorodifluoride (rl 

Aluminum Oxychloride (cl 

Aluminum Oxychloride (E) 

Aluminum Dichloride (g) 

Aluminum Dichloride Unipositive 
Ion (8l 

Aluminum Dichloride Uninef,ative 
Ion (el 

Aluminum Dichlorofluoride (E) 

Aluminum Trichloride (cl 

Aluminum Trichloride (el 

Aluminum Trichloride (gl 

Potassium Tetrachloroaluminate (el 

Sodium Tetraehloroaluminate (e) 

Tripotassium Hexachloroaluminate (cl 

Trisodium Hexachloroaluminate (c) 

Aluminum Monofluoride (r) 

Aluminum Monofluoride 
Unipositive Ion (f) 

Aluminum Oxyfluoride (fl 

Aluminum Difluoride (el 

Aluminum Difluoride Unipositive 
Ion (r;l 

Aluminum Difluoride Unineeative 
Ion (el 

Aluminum Trifluoride (c) 

Aluminum Trifluoride (el 

Lithium Tetrafluoroaluminate (El 

Sodium Tetrafluoroaluminate (f) 

Tripotassium Hexafluoroaluminate (e) 

Trilithium Hexafluoroaluminate (e) 

Vrilithium Hexafluoroaluminate (el 

Cryolite ecl 

Cryolite (0 

Aluminum Monohydride (fl 

Aluminum Monohydride (el 

Aluminum Monohydroxide (f) 

Aluminum Monohydroxide Unipositive 
Ion (gl 

Aluminum Monohydroxide Uninerative 
Ion (gl 

Aluminum Dioxyhydride (E' 

Lithium Aluminum Hydride (e) 

FilinE 
Order 

All 

AlI 3 

All 3 

AlI 3 

AlLi0 2 
AlLi0 2 
AIN 

AIN 

AINa0
2 

AIO 
AIO+ 

AlS 

A1 2 Be04 
A1

2
Be04 

Al 2Br 6 
Al2Cl 6 
A1

2
Cl gK 3 

A12 FS 

A12 I 6 
A1 2 ME04 

Al 2Me04 

Al20 
+ 

Al20 

Al 2 0 3 
A1 2 0 3 
A1 2 0 3 
Al 20SSi 

A1 20SSi 
Al

2
0 SSi 

A1 6BeO lO 
Al 6 BeO lO 
A1 60

13
Si Z 

B 

B 

B 

B 
B+ 

BBe0
2 

BBr 

BBrCl 

BBrCl 2 
BBrCl? 

BBrF 2 

BBrO 

BBr 2 
BBr 2Cl 

BBr 2F 

Table Ti Ue 

Aluminum Monoiodide (f,l 

Aluminum Triiodide (c) 

Aluminum Triiodide (e) 

Aluminum Triiodide (gl 

Lithium Aluminate (cl 

Lithium Aluminate (el 

Aluminu~ Nitride (cl 

Aluminum Nitride efl 

Sodium Aluminate (cl 

Aluminum Monoxide (gl 

Aluminum Monoxide Unipositive 
Ion (r) 

Aluminum Dioxide (g) 

Aluminum Dioxide UnineEative 
Ion (f,) 

Aluminum Sulfide (g) 

Beryllium Aluminate (c) 

Beryllium Aluminate ell 

Aluminum Tribromide, Dimerie (gl 

Aluminum Trichloride, DimeI' (gl 

Potassium Nonachloro~luminate (cl 

Aluminum Trifluoride, DimeI' (f.) 

Aluminum Triiodide, Dimeric (gl 

Maenesium Aluminate (cl 

Maf,nesium Aluminate (el 

Aluminum Suboxide (el 

Dialuminum Monoxide Unipositive 
Ion (gl 

Aluminum Monoxide, Dimeric (e) 

Dialuminum Dioxide Unipositive 
Ion (gl 

Aluminum Oxide ec, alpha) 

Aluminum Oxide (e, gamma) 

Aluminum Oxide Ctl 

Sillimanite (e) 

Andalusite (c) 

Kyanite (cl 

Aluminum Beryllium Oxide (c) 

Aluminum Beryllium Oxide (el 

Mullite (cl 

Boron (ref. st.l 

Boron, Beta-Rnombohedral (e) 

Boron (t) 

Boron, Monatomic (f'.l 

Boron Unipositive Ion (gl 

Beryllium Boron Dioxide (gl 

Boron Monobromide Cg) 

Boron Bromide Chloride (g) 

Boron Bromide Dichloride (v.l 

Boron Bromide Dichloride (g) 

Boron Bromide Difluoride (gJ 

Boron Oxide Bromide (gl 

Boron Dibromide (f'l 

Boron Dibromide Chloride (gl 

Boron Dibromide Fluoride (El 

5 
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Filine 
Order 

BBrZH 
BBr 3 
BBr 3 
BCl 
BCl + 

BClF 

BClF 2 
BClO 

BCl 2 
BCl + 

2 

BCl 2F 

BC1 2H 

BCl 3 
BF 

BFO 

BF2 
BF + 

2 
BF2 

BF2H 
BF2HO 

BF20 

BF3 
BF4K 

BF4K 

BF4K 
BH 

BHO 
BHO+ 

BH02 

BH02 
BH Z 
BH 2 02 

BH3 
BH 30 3 
BH 30 3 
BH4K 

BH4Li 
BH4 Na 

BI 

BI2 

B13 

BK02 

BK02 

BKOZ 

BKOZ 
BLi0 2 
BLi02 
BN 

BN 

BNaO Z 

Table Title 

Boron Dibromide Hydride (el 

Boron Tribromide (ll 

Boron Tribromide (r.l 

Boron Monochloride (e) 

Boron Monochloride Unipositive 
Ion (e) 

Boron Chloride Fluoride (el 

Boron Chloride Difluoride (el 

Boron Oxide Chloride (r.) 

Boron Dichloride (gl 

Boron Dichloride Unipositive 
Ion (el 

Boron Dichloride Uninegative 
Ion (g) 

Boron Dichloride Fluoride eel 

Boron Dichloride Hydride (gl 

Boron Trichloride (g) 

Boron Monofluoride (gl 

Boron Oxide Fluoride Cg) 

Boron Difluoride (el 

Boron Difluoride Unipositive Ion Cr.) 

Boron Difluoride Uninegative Ion Cr.l 

Difluoroborane Cg) 

Boron Hydroxide Difluoride Cr.) 

Boron Oxide Difluoride Ce) 

Boron Trifluoride (el 

Potassium Tetrafluoroborate Ccl 

Potassium Tetrafluoroborate (t) 

Potassium Tetrafluoroborate (el 

Boron Monohydride Cr.l 

Boron Oxide Hydride Cg) 

Boron Oxide Hydride Unipositive 
Ion (e) 

Metaboric Acid (c) 

Metaboric Acid Cel 

Boron Dihydride (r.l 

Boron Dihydroxide (el 

Boron Trihydride (el 

Boric Acid (cl 

Boric Acid (el 

Potassium Tetrahydroborate (c) 

Lithium Tetrahydroborate (cl 

Sodium Tetrahydroborate (cl 

Boron Iodide (r;l 

Boron Diiodide ( g) 

Boron Triiodide ( gl 

Potassium Metaborate Ccl 

Potassium Metaborate (el 

Potassium Metaborate ( r. l 

Potassium Metaborate ( g) 

Lithium Metaborate (el 

Lithium Metaborate (gl 

Boron Nitride (cl 

Boron Nitride (~) 

Sodium Metaborate (c) 
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CHASE ET Al 

Filing 
Order 

BNa02 
BNa0 2 
BO 

B02 

B02 
BS 

BTi 

B2 
BZBe04 
B

2
Be 30

6 
B

2
Cl

4 
B2F4 
B2F40 

B2H40 4 
B2H404 

B2 HS 
B2Mg 
B2 0 

B202 
B20 3 
B20 3 
B20 3 
B

2
0 4 Pb 

B2Ti 

B2Ti 
B2Zr 

B
2

Zr 

B3Cl 30 3 

B3 FH 203 

B3 F2H03 

B3 F303 

B3 F 303 

B3H303 

B3H303 

B 3H 306 

B3HSN3 

B4 K207 

B4 K 207 

B4 Li 2 0 7 
B4 Li

2
0

7 

B4M~ 

B4 Na 20 7 
B

4
Na

2
0

7 
B40 7 Pb 

BSHg 

BSHg 

BsK20l0 
BSLi 2010 
B

6
Na

2
0 l0 

B
6

Na
2

0 10 
BSK2013 

BSK2013 

BSLi 20l3 
B10H14 

Table Title 

Sodium Metaborate (tl 

Sodium Metaborate (gl 

Boron Monoxide (r.l 

Boron Dioxide (g) 

Boron Dioxide Uninegative Ion (g) 

Boron Monosulfide (r.) 

Titanium Monoboride (c) 

Boron, Diatomic (gl 

Beryllium Diborate (r.) 

Triberyllium Diberate (cl 

Boron Dichloride, Dimeric (r.) 

Boron Difluoride, Dimerie (g) 

Diboron Tetrafluoromonoxide (gl 

Boron Dihydroxide, Dimeric Ccl 

Boron Dihydroxide, Dimeric Cgl 

Diborane (gl 

Magnesium Diboride (cl 

Diboron Monoxide (g) 

Boron Monoxide, Dimeric 
Boron Oxide (c) 

Boron Oxide (t) 

Boron Oxide ( g) 

Lead Diborate (cl 

Titanium Diboride (cl 

Titanium Diboride (tl 

Zirconium Diboride (c) 

Zirconium Diboride (t) 

(g) 

Boron Oxide Chloride, Trimeric (g) 

Monofluoroboroxin (f,l 

Difluoroboroxin (gl 

Boron Oxide Fluoride, Trimerie (cl 

Boron Oxide Fluoride, Trimeric (g) 

Boroxin (e) 

Boroxin (e) 

Metaboric Acid, Trimeric (gl 

Borazine (gl 

Dipotassium Tetraboron Heptaoxide Ccl 

Dipotassium Tetraboron Heptaoxide (tl 

Dilithium Tetraborate (cl 

Dilithium Tetraborate (t) 

Magnesium Tetraboride (cl 

Disodium Tetraborate (el 

Disodium Tetraborate (tl 

Lead Tetraborate (cl 

Pentaborane (t) 

Pentaborane (gl 

Dipotassium Hexaborate (cl 

Dilithium Hexaborate (cl 

Disodium Hexaborate (cl 

Disodium Hexaborate (c) 

Dipotassium Octaborate (cl 

Dipotassium Octaborate (tl 

Dilithium Oetaborate (cl 

Deoaborane (ol 

lpaek
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Filing 
Order 

BlOHl4 
B10H14 
BlOOl7Pb2 

Ba 

Ba 

Ba 

Sa 

"BaCl 

"BaCl
2 

"BaC1
2 

*BaCl 2 
*BaF 

*BaF+ 

*BaF 2 

"BaF 2 
"BaF 2 

"BaI 

"BaI 2 
"BaI 2 
"BaI 2 
"BaD 

*BaO 

"BaD 

Be 

Be 

Be 

Be 

Be+ 

BeBr 

BeBr 2 
BeBr 2 
BeBr 2 
BeCl 

BeCl+ 

BeClF 

BeCl Z 
BeCl 2 
BeC1 2 
BeCl 2 
Bef 

BeF 2 

BeF 2 

BeF 2 

BeF 3Li 

BeF 3Li 

BeF 3Li 

BeF4 Li 2 
BeF 4 Li2 

BeH 

BeH+ 

BeHO 
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Table Title 

Decaborane (ll 

Decaborane (E) 

Dilead Decaborate (cl 

Barium (ref. st.) 

Barium (c) 

Barium (t) 

Barium (r.) 

Barium Monochloride (gl 

Barium Dichloride (cl 

Barium Dichloride (tl 

Barium Dichloride eg) 

Barium Monofluoride (g) 

Barium Monofluoride Unipositive 
Ion (gl 

Barium Difluoride (c) 

Barium Difluoride (el 

Barium Difluoride (g) 

Barium Monoiodide (g) 

Barium Diiodide (c) 

Barium Diiodide et) 

Barium Diiodide (gl 

Barium Oxide (cl 

Barium Oxide (el 

Barium Oxide (g) 

Beryllium (ref. st.) 

Beryllium (c) 

Beryll i urn (t) 

Beryllium (g) 

Beryllium Unipositive Ion (f.l 

Beryllium Monobromide (gl 

Beryllium Dibromide (e) 

Beryllium Dibromide (t) 

Beryllium Dibromide (g) 

Beryllium Monochloride (g) 

Beryllium Monochloride Unipositive 
Ion (g) 

Beryllium Chloride Fluoride (gl 

Beryllium Dichloride (c, a) 

Beryllium Dichloride (c, ~) 

Beryllium Dichloride (t) 

Beryllium Dichloride (g) 

Beryllium Monofluoride (g) 

Beryllium Difluoride (c) 

Beryllium Difluoride (t) 

Beryllium Difluoride (f.) 

Lithium Trifluoroberyllate (c) 

Lithium Trifluoroberyllate (t) 

Lithium Beryllium Fluoride (g) 

Dilithium Tetrafluoroberyllate (e) 

Dilithium Tetrafluoroberyllate (c) 

Beryllium Monohydride (gl 

Beryllium Monohydride Unipositive 
Ion (g) 

Beryllium Monohydroxide (r.) 

Filing 
Order 

BeHO+ 

BeH 2 
BeH 20 2 
BeH 20 2 
BeH 20 2 
Be! 

Bel 2 
BeI 2 
BeI 2 
SeN 

BeO 

BeO 

BeO 

BeO 

Be0 4 S 

Be0
4 

S 

Be04 S 

Be0 4W 

Be 2Cl 4 
Be

2
F 2 0 

Be
2

0 

Be 2 0 2 
Be 20 4 Si 

Be 3N2 
Be 3N2 
Be 30 3 
Be 4 0 4 
BeSOS 

Be 60 6 

* Br 

BrCI 

BrF 

BrF 3 
BrFS 

BrH 

BrH 4 N 

BrHr, 

BrI 

BrK 

BrK 

BrK 

BrLi 

BrLi 

BrLi 

BrMg 

BrN 

BrNO 

BrNa 

BrNa 

BrNa 

BrP 

* BrPb 

BrTi 

Beryllium Monohydroxide Unipositive 
Ion (gl 

Beryllium Dihydride (g) 

Beryllium Hydroxide (c, a) 

Beryllium Hydroxide (c, ~) 

Beryllium Hydroxide (g) 

Beryllium Monoiodide (g) 

Beryllium Diiodide (e) 

Beryllium Diiodide (tl 

Beryllium Diiodide (gl 

Beryllium Nitride (gl 

Beryllium Oxide (e, a) 

Beryll i urn Oxide (c, P) 
Beryllium Oxide (t) 

Beryilium Oxide (g) 

Beryllium Sulfate (c, a) 

Beryllium Sulfate (c, ~l 

Beryllium Sulfate (c, y) 

Beryllium Tungstate (c) 

Beryllium Dichloride, Dimerie (gl' 

Dilithium Oxide Difluoride (r.) 

Diberyllium Oxide (g) 

Beryllium Oxide, Dimerie (gl 

Beryllium Orthosilieate (e) 

Beryllium Nitride (e, a) 

Beryllium Nitride (t) 

Beryllium Oxide, Trimeric (g) 

Beryllium Oxide, Tetramerie (g) 

Beryllium Oxide, Pentamerie (g) 

Beryllium Oxide, Hexameric (g) 

Bromine, Monatomic (g) 

Bromine Monochloride (g) 

Bromine Monofluoride (g) 

Bromine Trifluoride (g) 

Bromine Penta fluoride (g) 

Hydrogen Bromide (g) 

Ammonium Bromide (c) 

Mercurous Bromide (g) 

Iodine Monobromide (g) 

Potassium Bromide (c) 

Potassium Bromide (tl 

Potassium Bromide (g) 

Lithium Bromide (c) 

Lithium Bromide (l) 

Lithium Bromide (g) 

Magnesium Monobromide (gl 

Nitrogen Bromide (gl 

Nitrosyl Bromide (g) 

Sodium Bromide (e) 

Sodium Bromide (~) 

Sodium Bromide (g) 

Phosphorus Monobromide (g) 

Lead Monobromide (g) 

Titanium Monobromide (E) 
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Filing 
Order 

BrW 

BrZr 

Br 2 
Br2 
Br2 

*Br2Ca 

*Br2 Ca 

"Br2 Ca 

Br 2 Fe 

Br 2Fe 

Br2 Fe 

Br2Hp: 

Br2H[': 

Br2H[': 

Br2H[':2 
Br

2
K

2 
Br 2Li 2 

*Br2Mg 

*Br2Mg 

* Br2
Mr, 

+ *Br2Mr. 

Br 2Na 2 
*Br2 Pb 

*Br2 Pb 

*Br
2

PI:i 

*Br2Sr 

"Br2 Sr' 

*Br2Sr 

Br 2Ti 

Br2Ti 

Br 2Zr 

Br2Zr 

Br 2Zr 

Br 30P 

Br 3P 

Br 3 PS 

Br3Ti 

Br3Ti 
Br 3Zr 

Br 3Zr 

Br4 Fe 2 
.. Br4 M!"2 

*Br4 Pb 

Br4Ti 

Br4Ti 

Br4Ti 

Br 4Zr 

Br4 Zr 

BrSW 

BrSW 

BrSW 
Br 6W 

Br6vi 

*CO• 98 Nb 

Table Title 

Tungsten Monobromide ([':l 

Zirconium Monobromide (el 

Bromine (ref. st.) 

Bromine (t) 

Bromine, Diatomic (g) 

Calcium Dibromide (c) 

Calcium Dibromide (t) 

Calcium Dibromide (e) 

Iron Dibromide (c) 

Iron Dibromide (el 

Iron Dibromide (e) 

Mercuric Bromide (c) 

Mercuric Bromide (t) 

Mercuric Bromide (r.) 

Mercurous Bromide (c) 

Potassium Bromide, Dimeric (1') 

Lithium Bromide, Dimeric (g) 

Magnesium Dibromide (c) 

Magnesium Dibromide (t) 

Magnesium Dibromide (g) 

Magnesium Dibromide Unipositive 
Ion (g) 

Sodium Bromide, Dimeric (g) 

Lead Dibromide (c) 

Lead Dibromide (t) 

Lead Dibromide (g) 

Strontium Dibromide (c) 

Strontium Dibromide (t) 

Strontium Dibromide (g) 

Titanium Dibromide (c) 

Titanium Dibromide (g) 

Zirconium Dibromide (c) 

Zirconium Dibromide (t) 

Zirconium Dibromide (I') 

Phosphoryl Bromide (gl 

Phosphorus Tribromide (e) 

Thiophosphoryl Bromide (1') 

Titanium Tribromide (c) 

Titanium Tribromide (g) 

Zirconium Tribromide (c) 

Zirconium Tribromide (e) 

Iron Dibromide, Dimeric (el 

Magnesium Dibromide, Dimeric (e) 

Lead Tetrabromide (r.) 

Titanium Tetrabromide (cl 

Titanium Tetrabromide (t) 

Titanium Tetrabromide (r.) 

Zirconium Tetrabromide (c) 

Zirconium Tetrabromide (gl 

TunEsten Pentabromide (c) 

Tungsten Pentabromide (t) 

Tunf,sten Pentabromide (E) 

Tunf,sten Hexabromide (e) 

Tungsten Hexabromide (E) 

Niobium Carbide (c) 
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CHASE ET Al 

Filing 
Order 

C 

C 

C 

CAl 

CB 

CB 4 
CB 4 
CBe 2 
CBe 2 
CEr 

CBrF
3 

CBrN 

CBr4 
CCl 

CClFO 

CClF 3 

CClN 

CCIO 

CC1 2 
CCI 2 F 2 

CCl 20 

CCl
3 

CC1 3F 

CC1 4 
CCuN 

CF 
CF+ 

CFN 

CFO 

CF2 
CF + 

2 
CF 20 

CF 3 
CF + 

3 
CF3I 

CF 4 

CF4 0 

CH 
CH+ 

CHCl 

CHClF 2 

CHCl 2 F 

CHC1
3 

CHF 

CHFO 

CHF 3 

CHN 

CHNO 

CHO 
CHO+ 

CHP 

*CH 2 
CH 2 ClF 

CH 2Cl 2 

Table Title 

Carbon (ref. st., Graphite) 

Carbon, Monatomic (g) 

Carbon Uninegative Ion (g) 

Aluminum Carbide (g) 

Boron Carbide (g) 

Boron Carbide (e) 

Boron Carbide (t) 

Beryllium Carbide (c) 

Beryllium Carbide (t) 

Carbon Monobromide Cr.) 

Bromotrifluoromet.hane (gl 

Cyanogen Bromide (g) 

Carbon Tetrabromide (g) 

Carbon Monochloride (g) 

Carbonyl Chlorofluoride (g) 

Chlorotri fl uoromethane (g) 

Cyanogen Chloride (gl 

Carbonyl Monochloride (r.) 

Carbon Dichloride (g) 

Dichlorodifluoromethane (g) 

Carbonyl Chloride (g) 

Trichloromethyl (r.l 

Trichloro fl uoromethane (g) 

Carbon Tetrachloride (el 

Cuprous Cyanide (c) 

Carbon Monofluoride (gl 

Carbon Monofluoride Unipositive 
Ion (p) 

Cyanogen Fluoride (gl 

Carbonyl Monofluoride (g) 

Carbon Difluoride (gl 

Carbon Difluoride Unipositive Ion (gl 

Carbonyl Fluoride (gl 

Trifluoromethyl (g) 

Trifluoromethyl Unipositive Ion (gl 

Trifluoroiodomethane (g) 

Carbon Tetrafluoride (g) 

Trifluoromethyl Hypofluorite (g) 

Methylidyne (e) 

Methylidyne Unipositive Ion (gl 

Monochloromethylene (r.) 

Chlorodifluoromethane (gl 

Diehlorofluoromethane (gl 

Chloro form (g) 

Monofluoromethylene (e) 

Formyl fluoride (g) 

Trifluoromethane (r.) 

Hydror.en Cyanide (el 

Hydror,en Isocyanate (1') 

Formyl (r.) 

Formyl Unipositive Ion (g) 

Methinophosphide (g) 

Methylene (g) 

Chlorofluoromethane (g) 

Dichloromethane (e) 

lpaek



Filing 
Order 

CH 2 F 2 

CH
2

0 

CH 

CH 3Cl 

CH 3Cl 3Si 

CH3F 

CH 3F 3Si 

CH 4 
CIN 

CKN 

CKN 

CKN 

CK 2 0 3 
CK 20 3 
CLi 2 0 3 
CLi Z0 3 
CM1'.°3 

CN 
CN+ 

CN 

CNNa 

CNNa 

CNNa 

CNO 

CN 2 
CN 2 
CNa

2
0

3 
CNa 2 0 3 
CO 

COS 

CO 2 
CP 

CS 

CS 2 
CSi 

CSi 

CSi 

CSi 

CSi 2 
*CTa 

*CTa 

CTi 

CTi 

CZr 

CZr 

C2 
C2 
C2Be 

C2 C1 2 
C2 Cl 4 
C

2
Cl

5 
*C 2Cr

3 
C2 F 2 
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Table Title 

Difluoromethane (gl 

Formaldehyde (g) 

Methyl (gl 

Methyl Chloride (g) 

Trichloromethylsilane (gl 

Fluoromethane (gl 

Trifluoromethylsilane (gl 

Methane (g) 

Cyanogen Iodide (gl 

Potassium Cyanide (cl 

Potassium Cyanide (tl 

Potassium Cyanide (g) 

Potassium Carbonate (cl 

Potassium Carbonate (e) 

Lithium Carbonate (cl 

Lithium Carbonate (I) 

Magnesium Carbonate (cl 

Cyano (E) 

Cyano Unipositive Ion C~) 

Cyano Uninegative Ion CE) 

Sodium Cyanide (cl 

Sodium Cyanide (el 

Sodium Cyanide (gl 

NCO Radical (g) 

CNN Radical ( r) 

NCN Radical (g) 

Sodium Carbonate (el 

Sodium Carbonate (n 

Carbon Monoxide ( "l 
Carbon Oxysul fide ([0) 

Carbon Dioxide ( gl 

Carbon Dioxide Uninegative 

Carbon Phosphide (g) 

Carbon Monosulfide ( g) 

Carbon Disul fide ( E) 

Silicon Carbide (c, a) 

Sil icon Carbide (c, ~ ) 

Silicon Carbide (Z) 

Silicon Carbide (El 

Disilicon Carbide (el 

Tantalum Monocarbide (cl 

Tantalum Monocarbide (el 

Titanium Carbide (c) 

Titanium Carbide (n 

Zirconium Carbide (c) 

Zirconium Carbide eel 
Carbon, Diatomic (g) 

Ion ( g) 

Dimeric Carbon Uninegative Ion (g) 

Beryllium Carbide (g) 

Dichloroacetylene (gl 

Tetrachloroethylene (pl 

Hexachloroethane (p) 

Trichromiu~ Dicarbide (e) 

DiflLloroacetylene (gl 

Filing 
Order 

C2F3N 

ClF q 

C2 F 6 

C2H 

C2HCL 

C
2

HF 

C2HZ 
C2Hq 

C2H4 0 

C2K2N2 
C2 Li2 

C2Mg 

C2N 

C
2

N
2 

C2N2Na 2 
C20 

C2 Si 

C3 
C3Alq 

*C
3
Cr

7 

C3Mf"2 

C30 2 
C4 
Cq H

12
Si 

C4 N2 

Co 
*C

6
Cr 23 

Ca 

Ca 

Ca 

Ca 

Ca 

Ca+ 

CaCl 

CaCI Z 
CaCl) 

CaCl 2 
CaF 

Ca F 2 

CaF 2 

CaF 2 
CaHO 

CaHO+ 

*CaI 2 
*CaI 2 
*CaI 2 
'CaO 

'CaO 

CaS 

Cl 

Table Ti Ue 

Trifluoroacetonitrile (gl 

Tetrafluoroethylene (gl 

Hexafluoroethane (gl 

CCH Radical (g) 

Chloroacetylene (gl 

Mono fl uorocetylene (el 

Acetylene (gl 

Ethylene (E) 

Ethylene Oxide egl 

Potassium Cyanide, Dimeric egl 

Lithium Carbide (cl 

Magnesium Carbide (cl 

CNC Radical (g) 

Cyano gen e e) 

Sodium Cyanide, Dimeric (e) 

CCO Radical (gl 

Silicon Dicarbide (g) 

Carbon, Trimeric (gl 

Aluminum Carbide (cl 

Heptachromium Tricarbide (cl 

Magnesium Carbide (cl 

Carbon Suboxide (gl 

Carbon, Tetratomic (gl 

Tetramethylsilane (g) 

Carbon Subnitride (gl 

Carbon, Pentatomic (g) 

Chromium Carbide (cl 

Calcium (ref. st. ) 

Calcium ( a) 

Calcium ( ~) 

Calcium (0 

Calcium ( g) 

Calcium Unipositive Ion 

Calcium Monochloride ( g) 

Calcium Chloride (cl 

Calcium Chloride (0 

Calcium Chloride (p;) 

Calcium Mono fl uoride ( g) 

Calcium Di fluoride (c) 

Calcium Difluoride (el 

Calcium Di fl uoride ( E) 

( g) 

Calcium Monohydroxide ( g) 

Calcium Monohydroxide Unipositive 
Ion (e:) 

Calcium Hydroxide (cl 

Calcium Monoiodide (g) 

Calcium Diiodide (cl 

Calcium Diiodide (f) 

Calcium Diiodide (~) 

Calcium Oxide (c) 

Calcium Oxide (e) 

Calcium Sulfide ecl 

Chlorine, Monatomic (g) 

J. Phys. Chem. Ref. Data, Vol. 4, No.1, 1975 
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Filing 
Order 

~ 
Cl 

*ClCo 

ClCs 

CICs 

ClCs 

ClCu 

ClCu 

ClCu 

ClF 

ClFLi 2 
ClFMg 

Cl F0 2S 

ClF0 3 
ClF 20P 

ClF 3 
ClF 3Si 

ClFs 
ClFe 

ClH 

ClHO 

ClH 3Si 

ClH4 N 

ClH4 N04 
ClHg 

ClI 

ClI 

ClI 

CIK 

ClK 

ClK 

ClK0
4 

ClLi 

ClLi 

ClLi 

ClLio 

ClLi04 
ClLi04 
CIMg 

ClMg 

" ClNO 
ClN0 2 
ClNa 

CINa 

ClNa 

ClNa0
4 

ClO 

ClOTi 

CI0 2 
ClP 

* ClPb 

" ClPb + 

ClSi 

Chlorine Unipositive Ion eel 

Chlorine Uninegative Ion ( gl 

Cobalt Monochloride (gl 

Cesium Monochloride Ccl 

Cesium Monochloride (0 

Cesium Monochloride ( g) 

Copper Monochloride (c) 

Copper Monochloride (0 

Copper Monochloride ( gl 

Chlorine Monofluoride eel 

Lithium Chlorofluoride eel 

Magnesium Chloride Fluoride eg) 

Sulfuryl Chloride Fluoride (g) 

Perchloryl Fluoride (g) 

Phosphoryl Difluorochloride (el 

Chlorine Trifluoride (gl 

Chlorotrifluorosilane (el 

Chlorine Penta fluoride eel 

Iron Monochloride (el 

Hydrogen Chloride (g) 

Hydrogen Oxychloride (el 

Chlorosilane (gl 

Ammonium Chloride (cl 

Ammonium Perchlorate (c) 

Mercurous Chloride (gl 

Iodine Monochloride (c) 

Iodine Monochloride (el 

Iodine Monochloride (gl 

Potassium Chloride (cl 

Potassium Chloride eel 

Potassium Chloride (gl 

Potassium Perchlorate (c) 

Lithium Chloride (c) 

Lithium Chloride (tl 

Lithium Chloride (el 

Lithium Oxychloride (el 

Lithium Perchlorate (c) 

Lithium Perchlorate (tl 

Magnesium Monochloride eel 

Magnesium Monochloride Unipositive 
Ion (gl 

Nitrosyl Chloride (el 

Nitryl Chloride (gl 

Sodium Chloride ec) 

Sodium Chloride (tl 

Sodium Chloride eel 

Sodium Perchlorate (c) 

Chlorine Monoxide (gl 

Titanium Oxychloride (g) 

Chlorine Dioxide (gl 

Phosphorus Monochloride Ce) 
Lead Monochloride (gl 

Lead Monochloride Unipositive Ion (gl 

Silicon Monochloride (g) 
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Filing 
Order 

"CISI' 

ClTi 

ClW 

ClZr 

C1 2 
" Cl 2Co 

" C1 2Co 

*Cl 2Co 

Cl 2Cs 2 
Cl 2Cu 

C1 2FOP 

Cl 2Fe 

C1 2Fe 

C1 2Fe 

C1
2

H
2
Si 

C1 2Hg 

Cl 2Hf, 

Cl 2Hg 

C1 2Hf 2 

Cl zK
2 

Cl 2Li 2 
C1 2Mg 

C1 2Mg 

C1 2Me 

Cl 2Mo0 2 
Cl 2 Na 2 
Cl 20 

C1 20Ti 

Cl 20 2 S 

Cl 20 2W 

Cl 20 2W 

" C1 2Pb 

"C1 2 Pb 

" C1 2Pb 
"Cl Pb + 

2 
Cl 2Si 

" ClzSr 

" C12~r 
"C1 2 Sr 

Cl 2 Ti 

Cl z Ti 

Cl
2

W 

Cl 2W 

C1 2Zr 

Cl 2Zr 

Cl 2Zr 

" Cl 3Co 

C1 3Cu 3 
Cl 3FSi 

C1 3Fe 

Cl 3Fe 

Cl 3Fe 

C1 3HSi 

C1 3Li 3 

/ Table Title 

Strontium Monochloride (gl 

Titanium Monochloride (gl 

Tungsten Monochloride (gl 

Zirconium Monochloride (gl 

Chlorine, Diatomic (ref. st., g) 

Cobalt Dichloride (c) 

Cobalt Dichloride eel 
Cobalt Dichloride eel 

Cesium Monochloride, Dimeric {gl 

Copper Dichloride (cl 

Phosphoryl Fluorodichloride {gl 

Iron Dichloride (c) 

Iron Dichloride (tl 

Iron Dichloride (el 

Dichlorosilane (gl 

Mercuric Chloride (c) 

Mercuric Chloride (e) 

Mercuric Chloride (el 

Mercurous Chloride (c) 

Potassium Chloride, Dimeric (g) 

Lithium Chloride, Dimeric Cgl 

Maf,nesium Dichloride (c) 

Magnesium Dichloride ee) 
Magnesium Dichloride eg) 

Molybdenum Dioxydichloride (v.l 

Sodium Chloride, Dimeric egl 

Chlorine Monoxide (gl 

Titanium Oxydichloride Cgl 

Sulfuryl Chloride eg) 

Tungsten Dioxydichloride (c) 

Tungsten Dioxydichloride (gl 

Lead Dichloride (cl 

Lead Dichloride (tl 

Lead Dichloride (gl 

Lead Dichloride Unipositive Ion (gl 

Silicon Dichloride Cg) 

Strontium Dichloride (c) 

Strontium Dichloride (Z) 

Strontium Dichloride (g) 

Titanium Dichloride (c) 

Titanium Dichloride (gl 

Tungsten Dichloride (c) 

Tun~sten Dichloride (g) 

Zirconium Dichloride (c) 

Zirconium Dichloride (el 

Zirconium Dichloride (g) 

Cobalt Trichloride (g) 

Copper Monochloride, Trimeric (g) 

Trichlorofluorosilane (g) 

Iron Trichloride (c) 

Iron Trichloride (el 

Iron Trichloride (gl 

Trichlorosilane (gl 

Lithium Chloride, Trimeric (g) 

lpaek

lpaek



Filing 
Order 

C1 30P 

C1 3P 

C1 3PS 

C1 3Si 

C1 3Ti 

C1 3Ti 

C1
3
Zr 

C1 3Zr 

*C1 4 C0 2 
C1 4 Fe 2 
C1 4 ME2 

C1 4Mo 

C1 4 MO 

C1 4Mo 

C1 4 0W 

C1 4 0W 

C1 4 0W 

"C1
4 

Pb 

C1 4 Si 

C1 4Ti 

Cl 4 Ti 

C1 4Ti 

C1 4W 

C14W 

C1 4 Zr 

C1 4 Zr 

C1SMo 

ClSMo 

C1SMO 

C1SP 

C1SW 

ClsW 

ClsW 
C1 6Fe 2 
C1 6Mo 

C1 6Mo 

Cl 6W 

Cl 5W 

Cl
6

W 

C1 6W 

Cl lOW2 

Co 

Co 

Co 

Co 
+ 

Co 

CoF 2 

Cof'2 

Cof' 2 

CoF 3 

CoO 

*Cr 
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Table Title 

Phosphoryl Chloride (g) 

Phosphorus Trichloride (g) 

Thiophosphoryl Chloride (g) 

Silicon Trichloride (g) 

Titanium Trichloride (c) 

Titanium Trichloride (g) 

Zirconium Trichloride (c) 

Zirconium Trichloride (g) 

Cobal t Dichloride, Dimeric (1') 

Iron Dichloride, Dimeric (g) 

Magnesium Dichloride, Dimeric (g) 

MOlybdenum Tetrachloride (c) 

Molybdenum Tetrachloride (tl 

Molybdenum Tetrachloride (g) 

Tungsten Oxytetrachloride (c) 

Tungsten Oxytetrachloride (e) 

TunEsten Oxytetrachloride (g) 

Lead Tetrachloride (g) 

Silicon Tetrachloride (g) 

Titanium Tetrachloride (c) 

Titanium Tetrachloride Ce) 
Titanium Tetrachloride (g) 

Tungsten Tetrachloride (c) 

Tungsten Tetrachloride (g) 

Zirconium Tetrachloride (c) 

Zirconium Tetrachloride (E) 

MOlybdenum Pentachloride (c) 

Molybdenum Pentachloride ee) 
MOlybdenum Pentachloride (g) 

Phosphorus Pentachloride (~) 

Tungsten Pentachloride (e) 

Tungsten Pentachloride (tl 

TunEsten Pentachloride (r.) 

Iron Trichloride, Dimeric (gl 

Molybdenum Hexachloride (c) 

Molybdenum Hexachloride (g) 

TunEsten Hexachloride (c, al 

Tungsten Hexachloride (c, ~) 

Tungsten Hexachloride (e) 

Tungsten Hexachloride (g) 

Tungsten Pentaehloride, Dimeric (g) 

Cobalt (ref. st.) 

Cobalt (c) 

Cobalt (eJ 

Cobal t (g) 

Cobalt Unipositive Ion (g) 

Cobalt Difluoride (c) 

Cobalt Difluoride (t) 

Cobalt Difluoride (gl 

Cobalt Trifluoride (e) 

Cobalt Monoxide (e) 

Cobal~ Sulfate (c) 

Tricobalt Tetraoxide (e) 

Chromium (ref. st.) 

Filing 
Order 

"Cr 

"Cr 

*er 

·CrN 

"CrN 

*CrO 

"Cr0 2 
*Cr0

3 
*Cr2N 

*Cr20 3 
*Cr 2 0

3 

Cs 

Cs 

Cs 

Cs 

Cs+ 

CsF 

CsF 

CsF 

CsHO 

CsHO 

CsHO 

CsHO+ 

CsO 

CS 2 
Cs

2
F

2 
Cs 2H2 0 2 
C8 20 

Cu 

Cu 

Cu 

Cu 

CU+ 

CuF 

CuF 

cur2 
CuF 2 

CuF 2 

CUH Z02 

Cuo 

CuO 

Cu0 4 S 

CU 2 
Cu 20 

Cu 20 

Cu 2 0SS 

F 

F 

FFe 

FH 
*F;;O 

FH0 3S 

FE 3Si 

Table Title 

Chromium (c) 

Chromium (0 

Chromium (gl 

Chromium Mononitride (c) 

Chromium Mononitride (E) 

Chromium Monoxide (g) 

Chromium Dioxide (gl 

Chromium Trioxide (E) 

Chromium Subnitride (c) 

Dichromium Trioxide (c) 

Dichromium Trioxide (t) 

Cesium (ref. st.) 

Cesium (e) 

Cesium (t) 

Cesium (g) 

Cesium Unipositive Ion (g) 

Cesium Monofluoride (c) 

Cesium Monofluoride (tl 

Cesium Monofluoride (g) 

Cesium Hydroxide (c) 

Cesium Hydroxide (e) 

Cesium Hydroxide (g) 

Cesium Hydroxide Unipositive Ion <E) 

Cesium Monoxide (g) 

Cesium, Dimeric (g) 

Cesium Monofluoride, Dimeric <g) 

Cesium Hydroxide, Dimeric (g) 

Dicesium Monoxide (g) 

Copper (ref. st.) 

CopeI' (c) 

Copper (e) 

Copper (r.) 

Copper Unipositive Ion (g) 

Copper Monofluoride (c) 

Copper Monofluoride (E) 

Copper Difluoride (c) 

Copper Difluoride (t) 

Copper Difluoride (g) 

Copper Dihydroxide (c) 

Copper Monoxide (c) 

Copper Monoxide (g) 

Copper Sulfate (c) 

Copper, Diatomic (gl 

Dicopper Monoxide (c) 

Dieopper Monoxide (e) 

Copper Oxide Sulfate (c) 

Fluorine, Monatomic (g) 

Fluorine Uniner.ative Ion (g) 

Iron Monofluoride (g) 

Hydrogen Fluoride (gl 

Hypofluorous Acid (gl 

Fluorosulfuric Acid (g) 

Fluor'osilane (I':) 

J. Phys. Chem. Ref. Dala, Vol. 4, No.1, 1975 
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Filing 
Order 

FHg 

FI 

FK 

FK 

FK 

FLi 

FLi 

FLi 

FLiO 

FMg 

FN 

FNO 

FN0 2 
FN0 3 
FNa 

FNa 

FNa 

FO 

FOTi 

F0 2 
FP 

FPS 

• FPb 
FSi 

• FSr 

* FSr + 

FTi 

FW 

FZr 

F2 
F2 Fe 

F2Fe 

F 2 Fe 

F2HK 

F2HK 

F2H2Si 

F 2Hg 

F2Hg 

F 2Hg 

F 2Hg2 

F2K 

F2K2 
F 2Li 

F 2 Li2 

F2Mg 

F2Mg 

F 2M!!. 

F2N 

F2N2 

F2N2 
F2 Na 

F2 Na 2 
F 2 0 

Table Title 

Mercurous Fluoride (g) 

Iodine Monofluoride (g) 

Potassium Fluoride (c) 

Potassium Fluoride (e) 

Potassium Fluoride (g) 

Lithium Fluoride (c) 

Lithium Fluoride (el 

Lithium Fluoride (g) 

Lithium Oxyfluoride (g) 

Magnesium Monofluoride (gl 

Nitrogen Monofluoride (g) 

Nitrosyl Fluoride (g) 

Nitryl Fluoride (g) 

Fluorine Nitrate (gl 

Sodium Fluoride (c) 

Sodium Fluoride (e) 

Sodium Fluoride (g) 

Fluorine Monoxide (gl 

Titanium Oxyfluoride (g) 

Monofluorine Dioxide egl 

Phosphorus Monofluoride (g) 

Phosphorus Thiofluoride (gl 

Lead Monofluoride (g) 

Silicon Monofluoride (g) 

Strontium Monofluoride (gl 

Strontium Monofluoride Unipositive 
Ion (g) 

Titanium Monofluoride (gl 

Tungsten Monofluoride (g) 

Zirconium Monofluoride (gl 

Fluorine, Diatomic (ref. st., g) 

Iron Difluoride (c) 

Iron Difluoride (t) 

Iron Di fl uoride (1') 

Potassium Bifluoride (c) 

Potassium Bifluoride (I) 

Difluorosilane (g) 

Mercuric Fluoride (e) 

Mercuric Fluoride (e) 

Mercuric Fluoride (gl 

Mercurous fluoride (c) 

Potassium Difluoride Uninegative 
Ion (g) 

CHASE ET AL. 

Potassium Fluoride, Dimeric (gl 

Lithium Difluoride IJninegative Ion (gl 

Lithium Fluoride, Dimeric (g) 

Magnesium Fluoride (c) 

Magnesium Fluoride (Il 

Magnesium Fluoride e g) 

Nitrogen Difluoride (gl 

Difluorodiazine, cis- (~) 

Difluorodiazine, trans- (el 

Sodium Difluoride Unine~ative Ion egl 

Sodium fluoride, Dimeric eel 

Oxygen Difluoride (el 

J. Phys. Chern. Ref. Data, Vol. 4, No.1, 1975 

Filing 
Order 

F20S 

F20Si 

F20Ti 

F 20 2 8 

F 2 P 

* F 2Pb 

• F 2Pb 

• F 2Pb 

• F2Pb 

F2Si 

* F 2Sr 

* f 2 Sr 

* F 2Sr 

F2Ti 

F2Zr 

F
2

Zr 

F2Zr 

F3 Fe 

F3 Fe 

F 3HSi 

F3 Li 3 

F3 N 

f3 NO 

F30P 

F 3P 

F 3PS 

F 3Si 

F3 Ti 

F3Ti 

F3 Zr 

F3 Zr 

F 4MI02 
F4MoO 

F 4 N2 
F4 0W 

F4 0W 

F4 Old 

* F 4 Pb 

F4 S 

F 4 Si 

F 4Ti 

F4 Ti 

F4 Zr 

F 4 Zr 

FS1 

FSP 

F6 Mo 

F6 Mo 

F6 S 

F 6\1 

F6W 

F7 1 

Fe 

Fe 

Table Title 

Thionyl Fluoride eg) 

Silicon Oxydifluoride (el 

Titanium Oxydifluoride (gl 

Sulfuryl Fluoride (gl 

Phosphorus Difluoride egl 

Lead Difluoride (c, a) 

Lead Difluoride (c, ~) 

Lead Difluoride (el 

Lead Difluoride (gl 

Silicon Difluoride (g) 

Strontium Difluoride (el 

Strontium Difluoride (e) 

Strontium Difluoride (gl 

Titanium Difluoride (gl 

Zirconium Difluoride (c) 

Zirconium Difluoride (e) 

Zirconium Difluoride Cgl 

Iron Trifluoride (c) 

Iron Trifluoride (g) 

Trifluorosilane (g) 

Lithium Fluoride, Trimeric (gl 

Nitrogen Trifluoride (g) 

Trifluoramine Oxide (g) 

Phosphoryl Fluoride (g) 

Phosphorus Trifluoride (gl 

Thiophosphoryl Fluoride (~l 

Silicon Trifluoride (gl 

Titanium Trifluoride (c) 

Titanium Trifluoride (g) 

Zirconium Trifluoride (c) 

Zirconium Trifluoride (gl 

Magnesium Difluoride, Dimeric (g) 

Molybdenum Oxytetrafluoride (gl 

Tetrafluorohydrazine (EI 

Tungsten Oxytetrafluoride (cl 

Tungsten Oxytetrafluoride (el 

Tungsten Oxytetrafluoride (gl 

Lead Tetrafluoride (gl 

Sulfur Tetrafluoride (el 

Silicon Tetrafluoride (gl 

Titanium Tetrafluoride (cl 

Titanium Tetrafluoride (g) 

Zirconium Tetrafluoride (cl 

Zirconium Tetrafluoride (g) 

Iodine Penta fluoride (g) 

Phosphorus Pentafluoride (gl 

Molybdenum Hexafluoride eel 
Molybdenum Hexafluoride (gl 

Sulfur Hexafluoride (g) 

Tungsten Hexafluoride (I) 

Tungsten Hexafluor'ide (gl 

Iodine Heptafluoride (gl 

Iron (ref. st.) 

Iron (c) 

lpaek

lpaek



Filing 
Order 

Fe 

Fe 

FeH 202 
FeH 20 2 
FeH 30 3 
FeI 2 
FeI 2 
FelL 

Fe O . 947
0 

FeO 

FeO 

FeO 

Fe0 4 S 

Fe 2 I4 

Fe 20 3 
Fe 20 l2 S 3 
Fe 30 4 

H 

HHg 

HI 

HK 

HK 

HKO 

HKO 

HKO 
HKO+ 

HLi 

HLi 

HLi 

HLiO 

HLiO 

HLiO 
HLiO+ 

HMg 

HMgO 
mlgO+ 

HN 

HNO 

HN0 2 
HN0 2 
HN0 3 
HNa 

HNa 

HNaO 

HNa9 

HNaO 
HNaO+ 

HO 
HO+ 

HO 
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Table 

Iron Ol 

Iron (f,) 

Iron Dihydroxide 

Iron Dihydroxide 

Iron Trihydroxide 

Iron Diiodide (cl 

Iron Diiodide (0 

Iron Diiodide (f,) 

Wustite (c) 

Iron Oxide (cl 

Iron Oxide (el 

Iron Oxide (f) 

Iron Sulfate (c) 

Title 

(c) 

( gl 

(c) 

Iron Diiodide, Dimeric (el 

Hematite (c) 

Diiron Trisulfate (cl 

Magnetite (c) 

Hydrogen, Monatomic (gl 

Proton (gl 

Hydrogen Uninef,ative Ion (el 

Mercury Monohydride (gl 

Hydrogen Iodide (gl 

Potassium Hydride (cl 

Potassium Hydride (gl 

Potassium Hydroxide (cl 

Potassium Hydroxide (el 

Potassium Hydroxide (gl 

Potassium Hydroxide Unipositive 
Ion (g) 

Lithium Hydride (cl 

Lithium Hydride (t) 

Lithium Hydride (g) 

Lithium Hydroxide (c) 

Lithium Hydroxide (t) 

Lithium Hydroxide (g) 

Lithium Hydroxide Unipositive Ion (gl 

Magnesium Monohydride (g) 

Magnesium Monohydroxide (el 

Magnesium Monohydroxide Unipositive 
Ion (gl 

Imido gen (gl 

Nitroxyl (,,;) 

Nitrous Acid, cis- (gl 

Nitrous Acid, trans- (gl 

Ni tric Acid (g) 

Sodium Hydride (cl 

Sodium Hydride (,,;) 

Sodium Hydroxide (cl 

Sodium Hydroxide (el 

Sodium Hydroxide (g) 

Sodium Hydroxide Unipositive Ion (gl 

Hydroxyl (gl 

Hydroxyl Unipositive Ion (g) 

Hydroxyl Uninegative Ion (gl 

filing 
Order 

H02 
HP 

HPb 

HS 

HSi 
HSi+ 

HZI' 

H2 
H2 K20 2 
H2Li 202 

H2 Me 
H2Mg02 

H2Mr,°2 
H2Mo0 4 
H2N 

1l2N2 

H
2

Na
2

0
2 

H
2

0 

H2 02 

H20 4 S 

H
2

0
4

S 

H20 4W 

H20 4W 

H2 P 

HZS 

H2Ti 

H3 N 
+ 

H30 

H 30 4 P 

H 30 4 P 

H
3

P 

H4 IN 

H4N2 

H4N2 
H

4
Si 

Hg 

H,,; 

Hg 

HgI 

HgI2 

HgI2 

HgI2 

HgO 

HgO 

Hg2 1 2 
Hg 2 1 2 

*I 

IK 

IK 

IK 

ILi 

ILi 

__________ ~T~a~b~le Title 

Hydroperoxyl (gl 

Phosphorus Monohydride {gl 

Lead Monohydride (gl 

Sulfur Monohydride (g) 

Silicon Monohydride (g) 

Silicon Monohydride Unipositive 
Ion {gl 

Zirconium Hydride (gl 

Hydro,,;en, Diatomic (ref. st., g) 

Potassium Hydroxide, Dimeric (g) 

Lithium Hydroxide, Dimeric {el 

Magnesium Hydride (cl 

Magnesium Dihydroxide (c) 

Ma,,;nesium Dihydroxide (g) 

Molybdic Acid (gl 

Amido p:en (e l 

Diimide (g) 

Sodium Hydroxide, Dimeric (gl 

Water (g) 

Hydrogen Peroxide (gl 

Sulfuric Acid (el 

Sulfuric Acid (gl 

Tungstic Acid (cl 

Tungstic Acid (e) 

Phophorus Hydride (gl 

Hydrogen Sulfide (g) 

Titanium Hydride (cl 

Ammonia (g) 

Hydronium Unipositive Ion (gl 

Orthophosphoric Acid (cl 

Orthophosphoric Acid (Z) 

Phosphine (g) 

Ammonium Iodide (cl 

Hydrazine (tJ 

Hydrazine (gl 

Silane (g) 

Mercury (ref. st.) 

Mercury (0 

Mercury, Monatomic (g) 

Mercurous Iodide (gl 

Mercuric Iodide (cl 

Mercuric Iodide (tl 

Mercuric Iodide (gl 

Mercuric Oxide (cl 

Mercury Monoxide (g) 

Mercurous Iodide (cl 

Mercurous Iodide (£) 

Iodine, Monatomic egl 

Potassium Iodide (cl 

Potassium Iodide (t) 

potassium Iodide (gl 

Lithium Iodide (cl 

Lithium Iodide (el 

J. Phys. Chern. Ref. Data, Vol. 4, No.1. 1975 
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Filing 
Order 

ILi 

INO 

INa 

INa 

" 1Pb 

" lSI' 
ITi 
IZI' 

I2 
12 

12 

12K2 

12Li2 

" 1 2Pb 

" 1 2Pb 

.. 1
2

Pb 

.. 1
2

SI' 

.. 1
2

SI' 

.. 1
2
Sr 

I2Ti 

I2Ti 
I 2ZI' 

I 2ZI' 

I 2ZI' 

I3Ti 

I3Ti 

13Zr 

13Zr 

* I4 Fb 

I4 Ti 

14 Ti 

14 Ti 

IljZr 

14 Zr 

K 

K 

K 

K+ 

KO 
KO 

K02 

K2 
K20 

K202 
K20 3Si 

K20 3Si 

K20ljS 

K20 4 S 

Li 

Li 

Li 

Li 

Table Title 

Lithium Iodide (8l 

Nitrosyl Iodide (gl 

Sodium Iodide (cl 

Sodium Iodide (tl 

Lead Monoiodide (gl 

Strontium Monoiodide (gl 

Titanium Monoiodide (Vl 

Zirconium Monoiodide (gl 

Iodine (ref. st.) 

Iodine (t l 

Iodine, Diatomic (gl 

Potassium Iodide, Dimeric (gl 

Lithium Iodide, Dimeric (gl 

Lead Diiodide (c) 

Lead Diiodide (t) 

Lead Diiodide (g) 

Strontium Diiodide (cl 

Strontium Diiodide (el 

Strontium Diiodide (gl 

Titanium Diiodide (c) 

Titanium Diiodide (gl 

Zirconium Diiodide (c) 

Zirconium Diiodide (l) 

Zirconium Diiodide (gl 

Titanium Triiodide (cl 

Titanium Triiodide (gl 

Zirconium Triiodide (cl 

Zirconium Triiodide (gl 

Lead Tetraiodide (gl 

Titanium Tetraiodide (cl 

Titanium Tetraiodide (el 

Titanium Tetraiodide (gl 

Zirconium Tetraiodide (cl 

Zirconium Tetraiodide (gl 

Potassium (ref. st.) 

Potassium (t) 

Potassium, Monatomic (gl 

Potassium Unipositive Ion (g) 

Potassium Monoxide (gl 

CHASE ET At. 

Potassium Monoxide Uninegative Ion (gl 

Potassium Superoxide (cl 

Potassium, Diatomic (gl 

Potassium Oxide (c) 

Potassium Peroxide (c) 

Potassium Metasilicate 

Potassium Metasilicate 

Potassium SuI fate 

Potassium SuI fate 

Lithium (ref. st.) 

Lithium (c) 

Lithium (e) 

(c) 

( t) 

Lithium, Monatomic (~) 

(c) 

(0 

J. Phys. Chern. Ref. Data, Vol. 4, No.1, 1975 

Filing 
Order 

~ 
LiN 

LiNO 

LiNaO 

LiO 
LiO-

Li2 
Li 20 

Li 20 

Li 2 0 

Li 202 
Li 20 2 
Li 2 0 3Si 

Li 2 0 3Si 

Li
2

0
3
Ti 

Li 2 0 3Ti 

LizOSSi 2 
Li 20SSi 2 
Li3N 

Mg 

M~ 

Mg 

Mg 
Mg+ 

MgN 

MgO 

MgO 

MgO 

Mg0 3Si 

Mg0 3Si 

Mg0 3Ti 

Mg0 3Ti 

Mg04S 

Mg04S 

Mg04W 

MgOsTi2 

MgOsTi2 
MgS 

MgS 

Mg204Si 

Mg20lj Si 

Mg204Ti 

Mg204 Ti 

Mg2Si 

Mg2Si 

Mg3N2 

Mg 30SP2 
Mg 30SP2 

Mo 

Mo 

Mo 

Mo 

Table Title 

Lithium Unipositive Ion (g) 

Lithium Nitride (gl 

Lithium Nitroxide (gl 

Lithium Sodium Oxide (g) 

Lithium Monoxide (g) 

Lithium Monoxide Uninegative Ion (g) 

Lithium, Diatomic (g) 

Lithium Oxide (c) 

Lithium Oxide (e) 

Lithium Oxide (gl 

Lithium Peroxide (c) 

Lithium Monoxide, Dimeric 

Lithium Metasilicate (e) 

Lithium Metasilieate (t) 

Lithium Metatitanate (el 

Lithium Metatitanate (0 

Lithium Disilicate (c) 

Lithium Disilicate (l) 

Lithium Nitride (c) 

Magnesium (ref. st.) 

Magnesium (e) 

Ma~nesium (t) 

( g) 

Magnesium, Monatomic (gl 

Magnesium Unipositive Ion (g) 

Magnesium Nitride (gl 

Magnesium Oxide (c) 

Magnesium Oxide 0) 

Magnesium Oxide ( gl 

Magnesium Metasilieate (e) 

Magnesium Metasilieate (tl 
Magnesium Metatitanate (c) 

Magnesium Metatitanate ( t) 

Magnesium SuI fate (c) 

Magnesium Sulfate 0) 

Magnesium Tungstate (cl 

Magnesium Dititanate (c) 

Magnesium Dititanate ( t) 

Magnesium Sulfide (cl 

Ma~nesium SuI fide (r: l 

Magnesium Orthosilieate (c) 

Magnesium Orthosilicate 0) 

Magnesium Orthotitanate (e) 

Magnesium Orthotitanate 0) 

Magnesium Silicide (el 

Magnesium Silicide (t) 

Magnesium Nitride (e) 

Magnesium Orthophosphate (el 

Magnesium Orthophosphate (eJ 

MOlybdenum (ref. st.) 

Molybdenum (e) 

Molybdenum (0 

Molybdenum, Monatomic (r.) 

lpaek

lpaek

lpaek

lpaek



Filing 
Order 
Mo + 

MoO 

Mo0 2 
Mo0 2 
Mo0 3 
Mo0 3 
Mo0 3 

*N O. 46S V 
N 

NO 
NO+ 

N0 2 
N0 2 
N0

3 
NP 

NS 

NSi 

NSi 2 
NTi 

NTi 

*NV 

*NV 

NZr 

NZr 

NZr 

N2 
N

2
0 

N 0+ 
2 

N20 3 
N20 4 

N2 0" 

N20" 
N20 S 
N3 

N4Si 3 
N

S
P

3 

Na 

Na 

Na 

Na 
Na + 

NaO 

NaO 

Na0 2 
Na 2 
Na 20 

Na 20 

Na 20 2 
Na 20 3Si 

Na 20 3Si 

Na 2 04 S 

Na 204 S 
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Table Title 

Molybdenum Unipositive Ion {gl 

Molybdenum Monoxide (g) 

Molybdenum Dioxide (c) 

Molybdenum Dioxide (gl 

Molybdenum Trioxide (c) 

Molybdenum Trioxide (el 

Molybdenum Trioxide (g) 

Vanadium Subnitride (e) 

Nitrogen, Monatomic (g) 

Ni tric Oxide (gl 

Nitric Oxide Unipositive Ion (gl 

Ni tro een Dioxide (p;) 

Nitrogen Dioxide Uninegative Ion (gl 

Nitrogen Trioxide (gl 

Phosphorous Nitride (gl 

Sulfur Nitride (gl 

Silicon Nitride (gl 

Disilicon Nitride (gl 

Titanium Nitride (cl 

Titanium Nitride (tl 

Vanadium Mononitride (e) 

Vanadium Mononitride (gl 

Zirconium Nitride (c) 

Zirconium Nitride (el 

Zirconium Nitride (g) 

Nitrogen (ref. st., g) 

Dinitrogen Monoxide (g) 

Dinitrogen Monoxide Unipositive 
Ion (gl 

Dinitrogen Trioxide (g) 

Nitrogen Tetroxide (e) 

Dinitrogen Tetroxide (tl 

Nitrogen Tetroxide (g) 

Dinitrogen Pentoxide (gl 

Azide (g) 

Silicon Nitride (c, a) 

Triphosphorus Pentanitride (c) 

Sodium (ref. st.) 

Sodium (c) 

Sodium (0 

Sodium Monatomic (gl 

Sodium Unipositive Ion (g) 

Sodium Monoxide (g) 

Sodium Monoxide Uninegative Ion (gl 

Sodium Superoxide (c) 

Sodium Diatomic (g) 

Disodium Monoxide (c) 

Disodium Monoxide (el 

Disodium Dioxide (e) 

Sodium Metasilicate (c) 

Sodium Metasilicate (t) 

Sodium Sulfate (e, Vl 

Sodium Sulfate (c, III) 

Filing 
Order 

Na 20 4 S 

Na 2 0 4 S 

Na 20 4 S 

Na 20"W 

Na 20SSi 2 
Na 20 SSi 2 
Na 2S 

Na 2S 

*Nb 

*Nb 

*Nb 

*Nb 

*NbO 

*NbO 

*NbO 

*Nb0 2 
*Nb0 2 
*Nb0 2 
*Nb 20 S 
*Nb 20 S 

o 
OP 

OPb 

OPb 

OPb 

OPb 

OS 

OS2 
OSi 

*OSr 

*OSr 

*OSr 

*OTa 

*OTi 

*OTi 

Sodium Sulfate (e, I) 

Sodium Sulfate (e, 6) 

Sodium Sulfate (e) 

Sodium Tungstate (c) 

Sodium Disilicate (c) 

Sodium Disilicate ee) 
Sodium Sulfide (c) 

Sodium Sulfide (e) 

Niobium (ref. st.) 

Niobium (c) 

Niobium (t) 

Niobium, Monatomic (g) 

Niobium Monoxide (c) 

Niobium Monoxide (el 

Niobium Monoxide (g) 

Niobium Dioxide (c) 

Niobium Dioxide (tl 

Niobium Dioxide (g) 

Diniobium Pentoxide (el 

Diniobium Pentoxide (el 

Oxy gen, Monatomic (gl 

Oxygen Uninegative Ion (gl 

Phosphorus Monoxide (g) 

Lead Monoxide (c, Red) 

Lead Monoxide (c, Yellow) 

Lead Monoxide (e) 

Lead Monoxide (g) 

Sulfur Monoxide (gl 

Disulfur Monoxide (g) 

Silicon Monoxide (gl 

Strontium Oxide (c) 

Strontium Oxide (tl 

Strontium Oxide (g) 

Tantalum Monoxide (g) 

Titanium Monoxide (c, a) 

Titanium Monoxide (c, ~) 

*OTi Titanium Monoxide (e) 

*OTi 

*OV 

*OV 

·OV 

OW 

OZr 

O2 

°2 

°2 P 

°2 Pb 

°2 5 

°2 Si 

°2 Si 

°2 Si 

°2 Si 

°2 Si 

Titanium Monoxide (gl 

Vanadium Monoxide (c) 

Vanadium Monoxide (el 

Vanadium Monoxide (g) 

Tungsten Monoxide (g) 

Zirconium Monoxide (g) 

Oxygen, Diatomic (ref. st., gl 

Diatomic Oxygen Uninegative Ion (g) 

Phosphorus Dioxide (gl 

Lead Dio xi de (cl 

Sulfur Dioxide (gl 

Quartz (c) 

Cristobalite (c, low) 

Cristobalite (c, high) 

Silicon Dioxide (el 

Silicon Dioxide (g) 

J. Phys. Cham. Ref. Data, Vol. 4, No.1, 1975 
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Filing 
Order 

*02Ta 

*02 Ti 

*02Ti 

*02 Ti 

*02Ti 

*02V 

°2W 

°2W 

°2.72W 

°2.90W 

°2.96W 

°2 Zr 

°2 Zr 

°2 Zr 

°3 

°3Pb8i 

°3 8 

*03Ti 2 

*03Ti 2 

*03 V2 

*03 V2 

°3W 

°3W 

°3W 

°4 Pb 2Si 

04 Pb 3 

°4 SiZr 

*04 V 2 

*04V2 
*OSTa2 
*OSTa 2 
*OSTi 3 
*OSTi 3 
*OSTi 3 

*OSV2 

*OSV2 

°SP4 
°SW 2 

*07 Ti4 

*07Ti 4 

°aW3 
OgW 3 

°lOP" 
°IOP4 

°12W4 

P 

P 

P 

P 

P 

PS 

P2 

PI.; 

P4 S 3 

P4 S 3 

Table Title 

Tantalum Dioxide (~) 

Anatase (el 

Rutile (e) 

Titanium Dioxide (Zl 
Titanium Dioxide (e) 

Vanadium Dioxide (e) 

Tunesten Dioxide (e) 

Tungsten Dioxide (g) 

Tungsten Oxide (el 

Tungsten Oxide (el 

Tungsten Oxide (e) 

Zirconium Dioxide (c) 

Zirconium Dioxide (t) 

Zirconium Dioxide (g) 

Ozone (g) 

Lead Metasilieate (e) 

Sulfur Trioxide (g) 

Dititanium Trioxide (c) 

Dititanium Trioxide (t) 

Divanadium Trioxide (c) 

Divanadium Trioxide (t) 

Tungsten Trioxide (e) 

Tungsten Trioxide (e) 

Tunesten Trioxide (g) 

Lead Orthosilicate (c) 

Lead Orthoplumbate (c) 

Zirconium Orthoxilicat-e (el 

Divanadium Tetroxide (e) 

Divanadium Tetroxide (e) 

Ditantalum Pentoxide (e) 

Ditantalum Pentoxide (el 

Trititanium Pentoxide (c, a) 

Trititanium Pentoxide (e, p) 
Trititanium Pentoxide ee) 
Divanadium Pentoxide (c) 

Divanadium Pentoxide (el 

Phosphorus Trioxide, Dimeric (g) 

Tungsten Trioxide, Dimeric (r.) 

Tetratitanium Heptoxide (c) 

Tetratitanium Heptoxide (Z) 

Tritungsten Octaoxide (g) 

Tungsten Trioxide, Trimeric (gl 

Phosphorus Pentoxide, Dimeric (c) 

Phosphorus Pentoxide, Dimeric (g) 

Tungsten Trioxide, Tetrameric (g) 

Phosphorus (ref. st.) 

Phosphorus (c, Red, V) 

Phosphorus (c, White) 

Phosphorus (e) 

Phosphorus (g) 

Phosphorus Sulfide (gl 

Phosphorus, Diatomic (g) 

Phosphorus, Tetratomic (g) 

Phosphorus Sulfide (c) 

Phosphorus Sulfide (t) 
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CHASE ET Al 

Filing 
Order 

P4 S 3 

Pb 

Pb 

Pb 

Pb 

·PbS 

·PbS 

·PbS 

Pb 2 

S 

S 

S 

S 

SSi 

52 
5 2Si 

S2 5i 

58 

Sr 

Sr 

Sr 

Sr 

*Ta 

*Ta 

*Ta 

*Ta 

Ti 

Ti 

Ti 

Ti 

Ti 
Ti+ 

*V 

*V 

*V 

*V 

w 
W 

W 

W 

Zr 

Zr 

Table Title 

Phosphorus Sulfide (gl 

Lead (ref. st.) 

Lead (c) 

Lead (e) 

Lead (g) 

Lead SuI fide (c) 

Lead SuI fide (t) 

Lead SuI fide (g) 

Lead, Diatomic (g) 

Sulfur (ref. st.) 

Sulfur (c) 

SuI fur (t) 

Sulfur, Monatomic (g) 

Silicon Monosulfide. (g) 

Sulfur, Diatomic (g) 

Silicon Disulfide (c) 

Silicon Disulfide (l) 

Sulfur Octatomic (g) 

Silicon (ref. st.) 

Silicon (c) 

Silicon (t) 

Silicon, Monatomic (g) 

Silicon Unipositive Ion (g) 

Silicon, Diatomic (gl 

Silicon, Triatomic (gl 

Strontium (ref. st.) 

Strontium (c) 

Strontium (e) 

Strontium (E) 

Tantalum (ref. st.) 

Tantalum (c) 

Tantalum (n 

Tantalum, Monatomic (g) 

Titanium (ref. st.) 

Titanium (c, a) 

Titanium (c, ~) 

Titanium (t) 

Titanium, Monatomic (g) 

Titanium Unipositive Ion (gl 

Vanadium (ref. st.) 

Vanadium (c) 

Vanadium (Z) 

Vanadium (v.) 

Tungsten (ref. st.) 

Tungsten (c) 

Tunf,sten (t) 

Tungsten, Monatomic (g) 

Tungsten Unipositive Ion (gl 

Zirconium (ref. st.) 

Zirconium (c, a) 

lpaek



Filing 
Order Table 

Zr Zirconium (c, p 
Zr Zirconium (0 

Zr Zirconium ( gl 
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Title 
Filing 
Order 

~ 

e 

Table Title 
Zirconium Unipositive Ion (g) 

Electron Gas (ref. st.) 

J. Phys. Chem. Ref. Data, Vol. 4, No.1, 1975 

lpaek

lpaek

lpaek

lpaek

lpaek



!
"'D 
::r 
~ 
n 
::r 
<D 
;; 
:00 

~ 
C a 
~ 

~ 
-~ 
z 
? 

-0 
"-I 
I.on 

Bari~m Monochlnride (SaCI 

T. oK 

IJJ ,,0 
2'-18 

300 

'" 5GJ 

&00 
lOU 
!'..,Ju 
"OJ 

lJUO 

ll vO 
12,)0 
J. 300 

16..10 
llUO 
lavo 
\'1OJ 
2000 

.I 100 

,"uu 
2':»" 

i6i,lU 
2 lJC 

31;)0 
.,lOu 
BOO 
Hu0 
3:100 

36JJ 
37>JO 

4100 
4200 
430C 
4400 
4~::JO 

46(,0 
47J0 
4 SvO 

. 4':l00 
"50"u 

SiOO 
5200 
';3::10 
~4JO 

":'00 

56;)0 
'.) fuO 
S8UO 
')900 
60uO 

~~~-I<!ibbs/mol~~~-

Cp~ so -{(;g-H"nIlJrr 

.IJJO .oall jl-,I' PH H. 
1.,{4 52.804 6'L1JS 
(S,'.21 5f.!.J65 02.:>79 
B. ros 01.19;) 61.''-'0 

'" 
1:I.9J4 

tI.9'.8 
d.979 

9. 

,. 
9.11Q 
").142 

61.lh', 
04.37u 
66.34<,1 

61.'177 
6').1';1'> 
70.';IS<; 
rl.621 
l2.5 f3 

B.4J6 
74.225 
flo,';;')} 

15.620 
16. Z~r. 

9.1("<; lr;.,849 

1 

9.28,! 7B.4LI 
7tl.911 

<; • .19(; ('-1.36r 

'i.{):J4 
'!.tdb dl 

'~. 171 

"" 
1:.).2,,', 
10. j<)l 
10. ~OJ 
IJ.6:)9 
10. II , 

1'3.<124 
lJ.'129 
11.0)3 
11.134 
11.233 

11.129 
11. 4 21 
12 .~ll 
1l.5<)7 
11.(,00 

1l.1';>9 
!l.SH 
U .~J6 
11.975 
1l.·J'<O 

12.101 
12.1:;'9 
1?2L3 
17.2&4 
11.;:2 

12. 'Su7 

Q1.41oJ 
1'11.181 

1'1 

.!;Ub 

83.112 
8J .".iLlu 
83.021 
tl4.1 H, 
64. lor. ~ 

64. T4q 
b5.04r 
fI'jeJ40 
8~ .6i d 
ti5 .... l1 

86,ltl ... 
f:!o."t>"3 
B6.733 
86.9<)'1 
til. zoe 

oT.5t!l 
61.172 
/jd .022 
88.268 

.08.,10 

Bd.l"'> 
tld.'>S<; 
89.Z17 
8<;,44<.. 

d',.t>ll 

b<). a,>4 

90.1.13 
GO.l}.<; 
<)0.') ... .< 
'H).7Si.. 

61.190 
62 ~ 1 34 
62.786 

6J.520 
f,c,.l57 
6' •• <;72 
1'>5.0:;)) 

66.2~a 

ob.II.H! 
(J 7.4d::. 
6b. J 3~ 
"1:1. ~5 L 
('<).";44 

'71 

7/ • • ~ S ~ 

14./31 

1b' 

16.0 14 
rb.2:;'5 
16.4<;0 
76. T<:O 
76. '141 

?7 .16'i 
77.)67 
n.cel 
n.d 12 
18. r.; 1<;1 

f!;l.Z22 
7a ... 23 
7tI.62u 
78. 'H~ 
7'i • .)O~ 

7'7,1<;'; 

a~. lCO 
flC.n3 

bO."''''' 
dJ.e!4 
e(J.r,n 

~~~--k('al/mol~~~~_ 

H3 -H Q
:nu. 

2.3bl 
1.6'50 

• d43 
.000 

.JI& 
• a~4 

1.7b2 

2.61 1, 

3 • .,11 

7.lljl 
.i.vtH 
6.<)'71 
-J ~ ')08 

!~. 521 

il. 7J::. 
12.6,) 
U.'51l 

l6.Jb,) 
17. Hl 
18.71:U 
1'l.l11 
2":.181 

21.1,,, 
22.IH 
.2') .l2~ 
2 t • e lJl 
2 ~. 143 

i6.166 
ZI.lllv 
0<1.24:> 
2<;,3(.":: 
30.J60 

)1 .... 44 
3l. ~31 
n.bl'> 
34.7JR 
35. <;150 

36.':J1l4 
3iJ.IZ2 
3'J.lt:d 
4().4]4 
41. Sbd 

"'? f5Y 
41.9)<; 
4'S.126 
46.32"0 
47. ':>21 

'd. 12(1 
"',>,'J4l 

'51.16(J 
")2.)/;4 

,)j.613 

;f,.846 
56.u,,'. 
;. r. 326 
56.5/1 
')<).,,;70 

1972 

6HF 

- 33.612 
}j.O·5 
33.819 
34. vvG 

34.:;;0:1 
,' •• 262 
14./13 

35.3(:(; 
H.d15 
J6.HJ 
36. Sb9 
H.341.o 

"C.t'64 
41.3:'J 
.. 1 ~ 1'12 r 

41...2~2 

42.7'.iv 
- <'3.706 

'.3.0bf 
<'4.131) 

.. 4.£.15 
lo.4..,5 
10.10') 

- r"i.l'.d 
1 '). ~ 8ll 

0..1 .... ' .... 
- t1 J. ~ t, 7 

". til. 

113. ~J4 
- 6_'1.726 

1;14.4) 1 
f:l ':!. 16 ~ 
J5.1;198 

B6.I.:H 
31.371 

-' d8.1.14 
tl B. ~ .. " 
!l-; .5bo 

qo.u'j 
- 10.97.1. 

'H.~o;5 

92.]22 
'12.97') 

'iLl.dl 
9".230 

- 9".8j4 
':'>0; .47) 

- <;:.>. <''1':> 

96.5")3 
G4C 

'/</.1.:10 1 

"".flt! 

6.Gf" 

- 33.01" 
35.aO 
3a.JO';; 

- 4u,O.? ( 

4,;.vb4 

-.2. J49 
4),<'/411 

4"}.1"3 
41.421::1 

- 49.J47 
50.59<" 
')2.100 

53.356 
- ',4 .~b2 

'j ~. 7 2 ~ 
5u.b':>l 
':17.«41 

5'1.000 
('0 ... )30 
1:;.1.0:') 
02.01J 
62.1J64 

(,3.844 
b3 .5/~ 
(:2 .1j~!.1 
62.1 'II 
61.416 

6J ./42 
., ..... ';'>1,) 
~9. 2111 
'>b ... 2S 
':,f.bltJ 

5i.266· 
:'1.302 

- 5(;.J.ltJ 

'9. 

,6 

J(J .J14 
~4. 82 1 
JJ.bl<; 
j2.<'06 
31.1<'13 

2'1.'154 
ZIl, 116 
.2 7 ... 65 
16.2Il 

- 7.4.94t. 

l~Kp 

1"'''I·''.j!H 
1/"J"n .. 
41.B) 
29.340.) 

16.b'.:>t! 
14. tlOtl 
13.3'19 
lZ.Za1 
11.3d6 

b ... oul 
9.931 
9.lt>:; 

1.1H 
6.bllu 

:>.663 
'? ~ (4 

':1.100 
4.115b 
4.62"1 
... ',OJ 
4.1<;7 

4.-..IU) 

3.819 
3.64 5 
3."bO 
J.313 

3.173 
3.')30 
2.09 .. 
~. 76; 
2.6311 

1." .... 3 

I. 

BARIUM 110NOCHl.OXID£ (82oC1) (tDf.AL GAS) GfW 112.793 HaCI 
.";round State Configuration 27."" 

SZ98 ... ~ 61,/9 0.1 gibbs/mel 

L1j.f~ :: -33.6 ~ 3 kCd1/mo1 

jHf298.1S .: _J4.0 ! 3 kcallmol 

ij~~!_~L.lE~~tj9.!} 

X 2Z'" 

A 211 

B 2~-t 

'IT 

"e 

Be 

~-'-=~--

2''', 'j cm- 1 

0.0 

10351.1 

10995.3 

lUlSQ,O 

19062.9 

19!J SO 

[0.08518 ! O.003Jcm- l 

E=..l£f3;££!}if-.-l:evel:?~~SI.:!~~~~i:E~§' 

S: ~i:~_::~~ 
2Z 
2, 

2, 

" 

<o)cXe .: 0.88 cm- l 

u
e 

.: {O,QOOJ5lcm- l 

25 1171. ;, 

2706!J .6 

29 1l9J.6 

32511.4 

~i: 

r e ::0 {2 .65 0,050 1 A 

uHf· is bused lllilirl1y on two 5~tS of gas-phase equilib1'ia measur!!G mass spectrometricall.y by llildenbr'dnJ (~.> and, to d lesser 

ext-en"!:, on "thc dnd]ogous d,;cc\ of Pott~r ct al. (3.1. Analyses ot the mils~-spect:romctric data. (l,-)) are sunur.d.l:"'ized below. The 

rc-:;ults from Potter et <:l.l. (l) and 2mbo'l (}.) clrc It'Ss nrq;'dtive by about: 1.1 kca1/mol, suggesting the approximate uncertainty in lIHf~ 

i"rom the adopted dif· we: derive ~\; 105.4 ~ 3 kCdI/r..ol. Tndep€"ndq,nt methods yield 00 :: 103 ~ 5 (::) • .:-JlO (~), 106.B ! .. <'~J 

dnd lOS ~ & kcaJ/mol (~). 

Electron-impac"t ddtd (~) ,-;.av<.! DOCCIEa-en .: 115.8 ~ J.J kCdl/mol dnd we use M!~tom(Bd.C12) 219 ~ 1.1 kc:,;l/mol to derive 

DO ]03! S kcal/n:;ol. Chemiluminescence fr'om crossed be,;.ms of Ed. <!torns with .ga.ve an approximate lower limit to of 110 

kCilllmol (~). fldme studieS {~) 6UVC DO : 106,8 ! :.: kedl/mol ,lnd 0;CC1Ba.-C1J :: ~ !.O; we Jerive DO :: 105 ! 5 from the 

laTter vall",· using :: 219 kC<il/mol. Ryabova (fl considered t!1e flames to involve BdC1 2 , BaOHCI, and i3dOH <lS woll 0.5 

BdCl. Schofield ,we inferred that th~ fldTiles involved mdinly BdC1
2 

rather than SaCl as u$sur.:ted in e<H"lier fl<lr.:te 

studies. Gaydon (.!!) discounted the values derived fr'om electr'onic spectr'<!, but" Hildenbrand (;) showed thdt ionicity correction5 

brin.; the BiT'ge-Sponer extrapolation into red.sonable dgrcement ~Jith DO' 

_____ ~2~!'::'~__ ~{~~~.!.b~E:!.~ 
(1) Hildenbrand (1970) 

) Potter (1970) 

) 2mbav (369)C 

( ) li.ild~nbrand (1970) 

C ) Pott:er (1970) 

~£lg~_:,:,'.J_.b: 

1234-1380 

] 507-1702 

974 -1052 

123t>-1380 

1507_1702 

0:1 6S .: :..ISrO(ind La;.;) _ ",SrO(3rt, Law). 

K), f:cal/rnol os.) o!Jf-(2£13.15 K) 
__ ~.::~t~~ __ !tibbs/mol ~(callJl'ol 

.3. 3! 3. 6 7(j~O. 0 -2 .6!2." -3:'" .82-.:2.2 

13.0!J,1.I 13.J'I~l.O -0.2!: 3.3 - J 1 . ~3 ~ 2 . 2 

21. e ~ 9. '" 5 . a 9 t 1. 3 5. 9 ~ 9 . J -30.26 t 2.2 

10. 3 ~ 5,1 13. 21!" 1 -2.2r3.9 -J4.79!2.5 

'l. 7 ~ 7 . 3 17.7 2 ~ 1. 5 -5 .O!4.5 _79.78+2.8 

b ~e<lctlons: (A) B,,(g) • BaC1
2

(g) = 2BaCl{g); 

c ;)a1:a. given ill Ta=:'1e ? (].) are <lssumed to ~e 

3<\(g) ~ A1CH9) := 3a.Cl(g) t Al{g). 

x Kp insted{. of lO~ )( Kp. 

!2~~L~~.i2~~_i!Y __ ~_f:ntr~:i. 

D' 
_0_ 

107.2 

103.9 

102.7 

106.7 

102.2 

tlectronic levels and vibration')l c:onstdnts are taken from t:-:'e review oi :<,osen (~). The level dt 10351.1 c:m-
l 

.is To 

.... <It:--..e,.. th<ln 'e Vibra:tiondl conScants are ddjclsted for natural i.sotopic a!:Juncances. is calcul.:'l'tcd from l'e Hhich is 

estimated :ly comp.;.rison of ti"lC bond len!:;"!:.l:; of :1A
2

W-Mg, Ca, Sr, Sa and x=r, Cll with of MgCl, CdCl dod 

:'lfC:=Hi, Ca, Sr, Ba). The vdIu€! of tle is estimated [rom the '1ors'I;: potential function. 
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----gibb5/mol---_ kcal/mol----_ 

T. "K 

o 
100 
lClO 
2':1H 

H;IJ 

'00 
':>0G 

DOO 

100 
8UJ 
,00 

1000 

lluO 
l----zDO 
-l3-... ),;-
1400 
1) .... 0 

1000 
1700 
lcilJU 
1'1':10 
loJJJ 

Cpo So -((;O-Wn .. )(f W-W:H~ .lHr' 

• 000 .000 

17 

'0. 
il-Jel4 

J 1. 194 
22.:'0') 
29. ';'>7 

.6b4;! 

H. 

1,2. ')41 

45. ~4l 
"6.1~tI 

~J. 00" 
'>7.011 

22. 3~4 54. B<j(\ 
<'9.6JO (.>0.l81 

'-i';;~OJ---' "6Y.6-"-(; 
2~.f:>OJ 

2'1.00J 

29.(.ou'} 
2i).oOU 

64.,;14<; 

66.8.,,2 

"S.1102 
70.5<,16 

7Z.1.8b 
1).r.l89 
15.407 

INF IN ITt: 
4" •• lJ6 
31.17;-
29.:>51 

29.)')7 

JO • .!(d 
'1.6lQ 

lJ.il>1 
H. 

Fl. 

40.4S3 
'd.140 

-<;'3:26"')-
44. US 
46 •• ;:.9 

47.4<;7 
4!'1.d03 
50.0&1 
51. 274 
';2.'.4] 

.I.'1<J,l. 
- ).2'J4 

1. lL 1 
.JJu 

.en 
I.t):'ij 
3.12-:' 

- 205.347 
':0) .150 
20~. 51 1 
Ltl, .IOJ 

I ~4 

5.t>2& - tel" .1:1'1.,) 

- 2J".1}7 
- .l.J4.661 

2J4.446 

l. 3. lOe. 204.11, 

1:3, S6'i - Lv:> • till 
22.24d lJl.3:>1 
-i~~jjj~ -----2-J~J-.-i;)-

26.1b:l - 1",'1. 
H.t.!.:! 

)<..oe8 
H.J4d 
"oJ.vQIl 
41.<;f.Jr! 

4'.il2d 

I ~6. 906 

195.171 
b''t.e.51 
i':l3.Sn 
1<)2.4):.) 

Dec.. 31. 1972 

:..M;r Log Kp 

2J7.3lo 1 J"lr (N! IE 
- 2:Jl.bOu 4'.0.5',10 

l'H.6JJ 
iti9.7::11 
lbt>.,H2 

IT .... 
In. 
107. 

2lS.d4S 
141.966 

141.0J6 
103.69L 
In .)U6 

/.to. ;IJI 
55.12ft 
41.135 
41. )25 
lb. 56ft 

103.436 H.41l 
1 ') <}. bOb--------2-9~-~/;d 

-IS& ~-I'lY- - -- -lb.-zss 
15.?d.2l H.B,)? 
149. 'i5l 21. 1~O 

140.1 
137.1/5 
L34.2J'} 

l~ .'191 
18.41<' 
17.';1'1 
1::>.77'J 
t<'.ut),> 

BARr uri DIClILORIDl: (BaC1
Z

) (CRV"TAL) 

Jlf~ ::: -205. 3S 

Ge.'1 ~ 20,.246 baC 12 
{or !o.u} }:cdl/Dol 

5;98.15 29.':.57 ~ 0.03 Gibbs/Dol ':'llt20315 -205.2!: 3 (or !:O.5) kCcil/mol 

It :: 1198 1 K ,j1;:0 4.04! 0.05 kcal/mal 

I'm:: 1235 1 y; _I!m- 3.822 ~ 0.08 }:cal/mol 

c.Hs 29S . 1 !:> 85.0 loS kedl/mol 

lieat of lormdtior. 

_llf" is from rrES Technical Hote 270·-G (!.) -:lnd its :;c:lection WdS discussed in detail by Par-ker (~). '{he adopted 

vdlue was deri.ved by !.:hrlich ct ,Jl. (]) from tlwir ll'(~d:;urCli1ent::; of -1!:,oln of E!a(c) d.nd BaC1 2 (c) in IIe1 {~50 !!ZOL 

l:a.rlicr solution data for Btl (~) and (i, .§.) <-H'C in e;ood aZN:c'T,cnt: (~), but a recent study by Vorob'cv ct al. (!) 

of Od in !ICl (240 and 400 1120) yields -?Ol..8 ):c<l.1/17101 The d'!';i03tion (~3.4 kc"l/!;l()!) from the adopted value is 

confirmed by direct IT'easurcments (?) of .. l!fQ and ':'Jl~""'1~ of ndlL}(c), yielding -202.1 kcal/mol for 8aCL(c) .. t..ll authors 

reported difficulties in obt<l.inin8 or Ii"lcl.i.ntdinin[: 

bi<l~ in either of the opposinc re:;o.,lts. 'Ie assign 

B;:d!" f:'"'cc of impurities; this provides conceiv.Jb1e 

unccrt,1inty of ~3 kcal/:r.ol to include the possibility that 

Vorob',<,v e1; <11. (2,) drc correct 0Ut ddd iln dlternative of !:O.(i l;c;;;l/lXll if their datd dre biased, 

for 

Pdf'xe!" (.?.> rejected ':'111"" :: -219.3 kcalfnol obtairled Dy ~icrronscn (~) by direc"t chlorina1;ion dnd ':'llf- ~ -212.0 kCd.l/mol 

which \,.ould result [rof!' D.JO(C) bdsed on ;lab's Jit'ect combu:;tion (~). Parl;cr noted thdt these mOre negol"tivc vdlues are 

incompatible l'lith duta for i3ii0
2

, J3a(OIl)2 and taCO]. ',hey arc also inco:7lpatiblc ;.;i"th caloriT;l~tr'ic c .. ta for Ba)!2 noted above 

.J.nu equilibriu!!' data dS discusc.ed on t~le tubles for UdC1
2
(t and g). 

Heat Cdpacity and I:nt:'opy 

Cp~ is based on d.dia.ba"tic calol'i'''c:try (6-346 K) of Gooul:lan 2-nd '.1cstrun (~). :-;0 is caleul.:t'ted frem ''::pe usine 

S~(6 .Ie) = 0.01.2 eibbs/T:'oL Cp 9 dbove 300 r: is from cOn:>tra.inecl fittlJ1B of enthalpy' dd"ta (J~O-1l97 K for a-phase dnd 

DOl-1231 K for fl-phase) pcasurcu in un ice calorimeter by Gardner and ';'11y10r (.1:l). The sample studied at hieh 

"te!!'pc!"iu:1..Jre~ was a portion of t11.3.1: used at 101'1 temperat1>r'C's. Deviations of the l! data (l.l) from the adopt(~d vdlues are 

<O.l~ fo!" most points but sho\~ a l11<lxirr:\.J'fl of -c.r:, for t'dQ points nCCl.r liOO ::. 

Other enthdlpy studies include tho~c of DI·,·or):1-n and t;rcdie (~_O. J .. nz et ,1]. (12) emu ::Jun!: (J.~). ~via'tions fr'Or:> 

the adopted valuc" dre about "-2':. fo:-- "th~ ~T~oot!1 values (~~llOO-12:JO r::) of (1:.,;:'), ~1.3 to "'2.9~ for the equdtions (8,]Z~1235 K) 

of (!J.), <lnu -1. 7 to +S.7':. for the data (4()5-1230 I() of (1-2). Popov and Gal 'chcnl:o (,)2) used a continuous heating method 

to obt.:t:in Cp~ valuc:. which devidt·~ ~y +4 to "9~ (lI1.)3-973 ;<). 

'fr-2-nsitiOll Data 

',t :: 1):j8 1< is .from tho:! <!)")thcllpy :;tudy of (.ardnc.r:' il!ld Taylor (!J...l. 'Jther enthalpy :;tudic5 eave 1193 (:),2) anc 

1198 y, (~]). while t!1erITI<ll analysis gave llS,] (~) .)nd 11')7 K (L!.). Lolita is calculated 1rorn our t1doptcd fits of the 

enth"lpy <Jol"ta (ll), Published valucs include 11.0l; (:!Je), 1 •• 10 (!.2) tinrl :1.1:' ~ 0.16 (D.)' 

Ilelting Data - see. Du.C1
2
(t). 

neilt of SublilJlcltion - sec B<lC1
2 

(g). 
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fJichiorid8 l :JaC 12 ) 

GF\~ = 2Q8.246 

--J!:ihbsJmol----_ kC'al/mol 
CpO " -{(;~-H°l»!l)!T H~-H"u~ ""r ..'l(;r Log Kp 

17.,,59 j4.30? 34.301- .u0J i'ltl.';64 - HId. !:I 51 1 )8. 432 

17d12 34.413 )4.JC2 .OB 1 ~6. "'Jd 
ld.4d2 39.659 )').JI4 1.653 l'It!. cllS 
16.13',1 43.823 )0.1n J. flo;, !'1d.')ij4 

1;1.222 4T.2 ;;7 H.12 SealS 1911.1055 jiij.8Sl bS. l4/ 
I-J.b54 5J. JI:I7 ;'f.71. r.',11 - 1'18 .5J 1 17:;.567 j,4.6l4 
~J .148 5J.<H.~ 40. "2 'l"U 198.4J2 \12.i;94 41.069 
2b.Ju .. 5b~OJ') 42. '-13 12.It.1 191.65~ 109.072 41.050 
26.0110 5d.74 .. 43. tl4 [4.10l 1.,6.d83 Lb'.i .9,,; 36.260 

26. JOO 70.965 :'1 • .H!9 30.361 IH.39d 141. )09 20.121 
26.00u 12.541 ') 3. 1 ~2 32.9il I-B.(I" l<o4.j6f:l 1<.1.562 
26.0.)0 14.021 54.21l 35.561 In.5 o) 1"1.51', lr.l!;!2 
26 • .JJO 75.43.1 ';5.HB 3t!.ltt I"'Z.lU5 IJ8.66.J 15.952 
2b .J')O 76.16b '5t..3I:lt- <0(;.1('1 Hl.~U 1 j~. sa'} t':',1:I4'O 

B3.5cit 61. 'd.:l ~(, • .3c I - .?lU.l"'''' liZ .)58 ... 44~ 
<;1,<,:'6'; tli.f}, 5il."if;t .21'1.<;27 l.Jtl.U~ tl.7CJ 
g '.i • ., I ~ td.:Jit! 61.,(;'1 - .!.i.d.'14l. 104.11J :::1.120::> 
56.4,U 64.:,,)2 I)',. ltd 21!:1.411 100. JZ2 7. '))a 
tll.joJi! "'5.,.;'), u.J.'ul - Ll (.'1':j 9:J.<.,4'1 o • .:;qJ 

~li2 __________________________ -' 

BARIUll DlCJ!LORIDl: (BaCl z) 

S29B.l:' ::: 3lJ,302 gibbs/mol 

Tm :: Id5 ;0; 1 K 

Tb:: ]301.8 K 

l!(;:<Jt of forma'tion 

(LIQUID) GfH = 208.2116 

i.1f1 298 15 ::: -198.964 kca,J/mo] 

':'1Jm~ ::: 3.an ! 0.08 kcal/mcl 

,\jI,,'" :: 58.90 kC.11/mol 

,-,I\f~ is calcul,ned frem th'l.t of tile crystal \)y «ddition of ':'Ilmo and 'the difference in 

BaCi
2 

crystal and liquid, Indep€ndent values of iJ[f~ for' liquid (and crystal) may be derived from equilibrium da.1;a. (.~, ?) 

for Colet) .. [30.C1
2
{t) -> !3a(t) oj. Cd0

2
"). Our third-law <.InalY5is is sumroarized below; it' shows that" the data of 

re~chotte-Os'ter1:ag (~) are consistent ;,ith the adopted ":'11[°(c) :: -20:'.2 kcal!mol fron, [hrlich et a1. (cf. c), 

while ·,he data of Peterson dnd Ein:~cbein (~2.) ar8 TI'or", consis'tent I-lith the alternative .2,Jlf-(c) :: -201.8 from 

Vorob'ev et .11. Both a.re inco~pa:tit,lc ,.;iUl ':'lIf-(c) ~ ·219.3 from elr'eCl: chlorindtion und ..:.r:t"(c) :: -212 0 derived fro~l 

11.1h':. ,Ile vdlue [01' ':'lifo of BaO{c). 

So LH'C(:' 2\er.1drks ~~ 

(!.) [cschottc-O:itertag Direct rr:~asure1':'ent 1273 13.24!1.6 -198,3":2 -204,5;0;2 

<'!..l feschottc-Ostertolg Indi!'cct via SrC1
2 

1273 l4 .12!1. S -199.1!2 -205.1;0;2 

(~.> Peterson Direct measureiT'en't 1173-1223 -'2.5-:8.1 11.lJ 7 "~O, 5 -196 5"~ 1 -202 7~1 

a oS ,-,51''' Ond l<lw) _ ~Sr" (3rd 10.'.-;). 

iieot Copacity ond Entrop}: 

l'he constant Cp" of 26 0 gibbs/mol is bciscd on cnthdlpy dtita 0238-13117 lO mcasl..lr'ed in an ice calorimeter by Gardner 

~nd 'laylor (ll. Deviations of the datil from "the adopted fit tire <l11 le::;s "than 'J.05'~" :>moothed enth.dpies of Dl.'Orkin dnel 

Orcdig (~) deviate by +1.1:' and those of Janz (~t a1. (~) by +7,7 to 2,1':., l.:ntha1py Qat"- of Gant (§.) de .... iate by +1.5"'.. 

Cpo is taken equal to that of tile cr-ystrll froJ";1 298 to BOO te, the fl.ssu'l'ed r,]"ss 'transition. ::0 is cdlculated in a manner 

analogous 'to that of _lifO. 

:Ieltine Data 

is from the enthalpy stUdy of Cd!"'Uncr and Taylor (1). So::>!: other rcpor'te-d valUes incl\lde 1233 C::) and 1235 K 

(.?., ~) from enthdlpy :;tudie~i rind 1<'31; (2) and l235 K {~) froT:' ther'll.:!l analysis. ~[ir.l~ is obt.lil1cd from "the difference in 

the udopted enthalpy fjt>: for liquiJ ,In<J fJ-pnases. Published values include 3.82 (~), 3.80 (:~) a.nd 4.13 ~ 0.12 (~) kcal/mol. 

'Japorizat:ion Vat'" 

Tb is calculuted dS the ter;lp'~!"'arure at \~hich _Gr o C for' E-uC1
2

(£} ". BaC1:c(e). Jiv· is culculated <'IS the 

cDrrcspondin!; _!Jro. 

~~L<:.££0_o;;.~_~ 
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l 1 dea 1 Gas) GF~l. .208. ('46 

.--~ibbs/mol---- k('sljmol-----
T, cK Cpo Sa -(;~-H"'lf1>I}rr H"-H"ul! .lHF 

100 
ZJ:l 

'" 
1IJi.I 

400 

b.jU 

'" 6JJ 
9VU 

lOuO 

lluu 
12;,)0 
13:)0 
1<,00 
1 ',h);) 

l6uv 
1 H)(J 
18ul.l 
lYvv 
2JOO 

.000 
11.27S 
12.91 d 
t 3.422 

1:l.4lU 
ILl> 30 
13.72f:l 

n.fd3 
13. Bit;. 
l).dH! 
13.<>S3 
13.964 

11.612 
13. tllt! 
l) .Ba.3 

13. d ~2 
LJ.I:!'l4 
t 3.896 
13. Cl41 
U.d9B 

I~FINIH 

a .... 3Sl 
12.5S1 19.";41 
7L 626 1f. HI:> 

77.1:26 
1<1.JS'; 

tl4. i150 19. }6\ 

S7.364 
69."92 
<.; 1 • 3 ~<l 
42.96'J 
<:0 .... 42'" 

9~. 75 t 
96. '-J51! 
'iii. :)/;,9 

<j"l.<.l'>'S 
t 00 • .j51; 

100.'1':>1 

le1.140 
10 .... 05) 

60." ... 2 
81.030 
62.1?O 
8j.n~ 

B.r".172 

8,.11l 
86.5"" 
87.~.~"" 
su.tJ& 
118.'H2 

89. nz 
90. !'i!l 
91.JS4 
~1. 1181 
<;2.282 

~. :'",6 
- 2.S() 
- 1.20;1 

.,;01.1 

.O':S 
1.379 
2.7<.1 

4.in 
5.50) 

16. 

19, 

'0. 
21.154 
2. ~. 5" 3 

21.J,) D.qoJU 104, f31 <>1.135B .!4.9B 
220J 11.9Jl 105.318 93.413 26.323 
{~Q~ ___ }}.!_Y_O_I ___ l_O_~. ~~~ ___ JJ.!'_'i.:'oJ ______ <-hHL 
,".OU 13.'1J2 tab. 'lc!b "'04461 2Q. to ... 
2500 13.903 10{.1'), tJ4.QStl 30.109.10 

2600 
210v 
.2800 
2900 
3000 

360) 
3 H.h) 
380Q 
.1900 
.. OJJ 

.,100 
4£0:) 
'0300 
<;40u 
4:'00 

4bOQ 

47Ju 
"U(;Q 
4YV,) 

5UJ:) 

Stuu 
')lul) 

~jOO 

~4')O 

::'50,; 

13.903 
13.904 
1:!.904 
13.90') 
J3.'105 

1 (.,1. reu 
IOd.US 
10b.131 
109 ~ 219 
10'1. b':10 

13.9u:; ItO. 
13.'hl& ItO. 
13.90& 1 
l~. 9u6 
I '~. 906 

1}.'W7 
13.<J01 
13.'107 
i 3. 'il07 
13.907 

l3.SuS 
13.'108 

112.225 
lt2.60& 
112.977 
113.3"" 
113.0:,"1 

114.034 
114.36'J 
114.61.jf, 
11:'.0\6 
115.329 

9~. 437 
95.':Iul 
'it.. J~O 
96.1!36 
"1 • .208 

'i1.t1g 
9!l. ,,H 1 
<;8.4C4 
98.101 
9<).148 

99.S0b 
9 <-i. aSs 

lOad "It 
1 OO~ 57 a 
ICO.6:B 

101.110 
101,480 
101.184 
102.081 
102.H2 

115.oJ4 IGl.oS1 
11~.':U4 lJZ.B6 
116.2.20 10),.210 

;C,;'41<; 
1(}).142 

1(4.:'::1 
I04.l55 

13. C,Jb 117.60'; I Cf •• :.-at. 
13.90Q 111.b6~ 104.{4<; 
13."'09 1Id.1.20 104.9Qv 

lJ...-Iu9 lIB.He: IG'5.221 
1'.90~ Ug.f>11 105.4"'1 
1.3.'oJ<" lla.tI::;a )C'5.1:se 
13 .... )9 tt9.J:,Jb 105."14 
1.1.90'> 11'1.330 lC6.1H 

31.8e4 
JJ.274 
34.665 
36.C55 
)1.44b 

39.836 
4U.22? 
41.611 
./0 3.:101: 
44.399 

4';>.189 
41.1 BO 
"d.571 
'''~.9(>1 

'il.352 

52.743 
S4,t 33 
SS.514 
56.91" 
58.3Cb 

~9. 6'> 1 
6t.087 
6l.47'i 
6j, d6'ii 

6'>.2bO 

0:,6.651 
6B.J41 
69.432 
lC.S<!) 
12.21'" 

13.t:CS 
14.996 
16.3bl 
11.117 
19.160 

Dec. 31. 1972 

~ 116.;,6C 
llo:l.'1J<.1 
1l9.U81 

- 11'.0.200 

1l<J.2u2 
llQ.400 

- 1l'l~1'H 

- 120.3<;15 
- 110.60~ 

- 121.342 
- 121.7M 

l22~.223 

124.0:,67 
- IZ'e 16'1 
- 12S~ l:./o9 
- 126.113 
- 12~. ~b" 

127.009 
12 7. 4~1 

- lZ1.o<lS 
128.341 
lU.81S 

- 129.298 
Ud.lS9 

l64.811 
16':1.1044 
l60.073 
1&6.1'.12 

- 167.418 

- 168.241:1 
- 169 ~054 
- 169.1:1'>2 
- 110.156 

!11.M2 

lf2.544 

115.311 
176.242 

- 117.111 
- I rd. 10ll 

I"'.en 
- 17'1.940 

1110. 13~2 

lSI.755 
ldZ.l:52 
10:1 j .54J 
1& ... 420 

- idS.2'01 

- Idb.l?l 
181. DC!:! 
l!i7.tl55 
lBd.t.<;3 

- IS9.52 .. 

190.34a 
l'll.i6b 

- 19l.nb 
i9l.782 

- 19.3 .~ijO 

.:1(;(" 

- Ll8.8<>O 
- 1<'0.Ob2 

121.0<j8 
- IlZ ..... 64 

- ll4.o}(, 
- l25.j 14 

12:i.9n 
- 120.465 
- 126.;163 

- In.l20 
- 12 7.4l<J 
- 127.5'.(1 
- 121.131 
- 127.6.31 

- Id.'tlq 
- 12l.?4,! 
- 121.9~9 

127 .<.;48 
121. ~ 16 

121.860 
- 126. :"'54 

Log Kp 

If..Flf'.ITl 
262.394 
13l.BO 

dC;;.475 

tld.9"S1) 
!>I.n) 
S4.141 

4~. 3'>9 
:l.':l. 12~ 
~ .... 40ll 
30. no 
21.740 

2S.216 
23 • .:08 
li.4"l 
19.9<,1) 
Ie. b2'S 

11.470 
Ib.448 
15.5]1;: 
14,717 
13.-;113 

- _ !~~!~£IJ _____ U,-i!~~ 
- \L';.194 11.21f1 

1ll.4ij':l 10.oll 

16.. 10.061 
9. :'-:)3 

9.074 
U.626 
ualC6 

1l0.804 1. BIZ 
- 11)8.'134 ?,"4e 

107.0';'(' 7.089 
- \0';.129 b. 7~8 
- lu3.18., 

6.[45 
'h!:J61 

- ~>'7. 2.;6 ? '.>'01 
"'''.1t:2 ';6333 

- q3.Q95 ':>.0&6 

- '11.00(.) <0. !l':ll 
- do.o'14t ... 026 

~6.1C0 4.41.0 
- d4.S99 4 • .20,,-

tJZ.425 4.00) 

- 80.221 ).tI!2 
18.009 ).621 
15.71') 3. "<50 
73.S1" j.27~ 

- 71.'-,," 3.114 

- 6tl."'51 2 .95,> 
- 66.650 2.80i 
- 64.330 2. 65 ~ 
- 61.990 1.'.>0':1 
- 5'1.bJ4t 2. He 

- 51.261:1 2.235 
- 54.l'lEH 2.104 
- :'2.4d5 1.978 
- 50.016 1.055 

47.tl4e 1.7;t:, 

BA,{IU;l l)lCHLORILlE (Ba.Cl,) 

Poin't Group C
2v 

-

(DLAL GAS) GFlv = 20e ,245 BaCI
Z 

nHfO -118.66 ~ 4 (or -1.6) kCdl/Rol 

S;38.15 77,8:~ ~ 1,2 p;ibbs/mol 1\l!f;9S .15 -119.2 (Qr ~L5) kcal/mol 

Ground Citata QUunt:lJm ~.'eiGh"t "" 1 

vi.iJrdtional frcgucncie:; and D~E!£l'aci~ 

~->.~~ 
255 (l) 

BUild .i)istancc: Ba-Cl = l.32 ~ 0.03 Po. 

Bond Anf,le: Cl-i3a-Cl = [100· ! 20~ 1 

?:r-ocluct of the; Xom~:-:t" of In~T'ti.:l: IAIBIe 

nedt:_9LX.9£~~j?_~l 

~ .... _£~~ ~-,-£!2l~ 
[36J (1) 165 (U 

11.278 x IO-llJ g3 crn 6 

cr '" 2 

,iHr(298,l~ K) is calcula't~d from ,lHf*(c::) by dddi'tion of .:.lis o 
:: 86,0 ~ 1.5 keal/mol derived from "third-law analysis of 

the VdPOI"-press~rc eqUdtion of !iilclenbrdnd ",t al. (1, Z). The equation (1) sllrn.rndrized five tOl.'sior.-effusion I'1.lflS (83 total 

?oin't~) and is red$ondbly consistent wtch five boiling pr'eS::>lires in the m,:nilg rung!, measured by :~cl/ikov (~_), Other vapor pl'es:sur~ 

dat'l (-.::'-§) reviewed Delo;.; .:Ire considered lese; reliable. ,jHf~(g) is dssi.;;ncc al,ernativc uncet'tclintie~ to reflect the 

dist.:r(:!pd,ncie:;. in Mlf"{c). r:quilibr.ia dcriv(,!d fl'om flame st:udies C!} yield .'.Hf"(g} '" _119.1 !" 3 dnci t\!lf~(C) = -205.1" 3 kcal/mol, 

which confir>I~, th(l adopted values by an independent path. l1a$s spect:ra (~) at 1230 \\ showed that tile satllrat:ed VolPO!" consists 

predominantly of aaC1
2 

I"it:h consiJera'wly less than of dimer. 

__ ~2ourc",·".e ___ _ 

(1., ~) dildenbrand (l 

(]) l_ovikov (1964) Eoiling Point: 

(4) Van i"'~stenburg (l86lJ) (ftusion 

(5) von Wdr>tellburg (1922) Boilin£: point 

(~) >liJ.ie[" (IS25) S'tdtic 

<,:0 Schofield (1971) flame KpC' 

~_,I .. J .•. J:;_ 
1235_1ljl.O 

1588-1710 

124[1-1277 

1819 

1343-1487 

213 11-2535 

B ~ • 1 

7!:J,6!c l l.2 

78. 5~ 1. 6 

85,i.;!3.B 

_ 9. 5 ~ 8 . le' 

66.01 

86. 30tO. 7 

85.3 ~O. 2 

>81 

76 6:0. 'J 

-13,~! 2. 4 c 

-0,7 

-6 .'1!].5 

-s ,I, ~ 1. 3 

6.1!2,7 

1. 7!3. 7 

d cIS = uS Q (lnd Law) _ l\SQ (3rd Law). b Pressures ob'tilined from an equdtio)1 surnrr.dl"izing S runs (83 total points). 

C ,,(IrQ foZ' Edg) "" 2 I-:CUg) • BaCl
2

(g) ... 2 HCgl yield.s Mlfo(298.15 Xl = 113,1 ~ 3 kcal!;nol. 

~-!_t;~_L:='i'2.~i!~T!.~ __ ~ntr2.QY 

Vibrdtlons dod the values quoted by Hildenbrand (~) and derived from JR spec'tr'd of molecules in 

matrix isola'tion (10). Tho;; bendinc mode was not observed; it's value ;.,til.S c.11culat:cd (10) (rom force-constant correlations as 

described Baf2(~';)' Hastie et: cll. (.!:1) dssigncd the bending mode to a band whic~-they observed,).~ 61 cm- 1 in argon 

dnd 62 in neon. This va.1ue would redllce S~ by dbout 1.0 gibbs/mol; ollr dssigned t,nc:e:rt<1inty includes this 

Ag!,Qement is be1:t(!r for "1 ::: 255 (~, 1.2) or 262 cm- 1 (l?, in l,e} and fo(' v3 '" 2oSS'!S (Q, gas), 260 (2., l2,) 
or 268 (g, in Ne). We adopt 'the p,as-phase value (!2) for 

Bond length is from g<l:.;-phdse e1ec.tcon cliffrdction (1~) <llso gave the bond angle 180~ ! I'O~. La'ter studies 

(~~) of electric and mdgnctic d~flcction of molecular beams revedled a permanent eleCtric dipole moment and su&&est!;'d a 

bond Clng1c of the order of f'Oueh1y 1,0· Hdstie et al. (}1) cs~imdted an anglo,! of 120~ ! 10° from relativE' intensities of \i I 
and v3' The matrix SPCC"tf'd (~, 12.) wen~ fir's"t interpr'cte.d t:o give an t1nEle or l?O~ but redl"l<!lysis by nemple (l,Q> ga\l~ the angle 

, f!stimated fr'om the three fundall1l!nt:dls. We cldopt 100 0 
t 20° and note tha.t S· changes by only 0.2 gibbs/mol in the T'ange 

9:,9 to 120 0 • The single"t ground 

I A :: 25.513 x 10-
39

, IB = 54.94 x 

R~£~~~.!1:££'§ 

based on l~dgnetic deflection data <±2>. Principa.l moment:s of inertia ar'e 

and Ie = 80.46 x 10-39 g cm2 
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(BaF) 
::III Barium Monofluoride 
<I> 
:"" ( I dea I Gas) GFW 13£.3384 c = 
Q 

ji ~---g.Ibbs/mol---_ k.calJmol 

< T, "K CpO s· -(G"-wu.)rr H"'-Ws .. Mit' 

~ 0 .000 .000 INF (III lYE - 2.233 76.526 

~J>o 
100 7eOb8 50.482 65 ~ d4to - 1.53!!> 16 ~5S3 

'DO 7.808 S5.b02 ~9. 569 .7<;3 - 76.7'>18 

Z '98 6.305 5a.823 58.823 .000 - 17.000 

? 3D. BdL2 SB. H71t '58.823 .01'5 n.o~ 

400 6.51} bi.30S 59 ~ l53 .861 - 17.205 
,"0 S. Hb 63 • .235 5'ii.183 l.726 - 71.l'lb 

-Q 600 8.BO'5 M·.832 60.1095 2.602 - 78.360 

...... 700 8. a/;!4 66. lq4 Moll .. 3.4S6 18.Si'> .... eoo 8.907 67.3S1 61.'H3 4.315 79.392 

900 8.940 68.432 62.580 S.267 - 19.871 

1000 a.qt.? M.375 63.2U 6.162 - 80.352 

llOO 8.989 70.231 630SB 7.060 82.8)4 

1200 9.00q 71.01010 64. leo 7, <160 ~30373 

noD 9.027 71.136 1::4 0 919 8~ 862 8;.889 

1400 9.0';'4 72.405 65.430 9~ 165 840387 
1500 9.0b2 13.030 65.'H6 10.611 - 84.8n 

1600 9.081 73.615 66.319 1 L. 576 - 85.347 

noo 9.102 74.167 66.821 12.1081 65.819 

1800 9.125 74.687 61 • .2./04 13.398 db.l9Z 

1900 9.152 75.1431 67.649 14.312 - 86.17Ll 

ZOoo 9.183 75.652 68.037 15~ 229 - 87.259 

2100 9.216 76.101 68 ... 11 16.H9 - 81.762 

UOO 9.259 76.5)0 68. no 11.0n - l2l.637 

2300 9. ]05 76.Q"3 69.116 18.001 - III • .:,las 
HOO 9.357 770340 69 ... S1 lS. '134 - l22.392 

2500 9 ..... 1 .... 77.n) 69.71 .... 19.IH2 - 122.848 

.2600 9 ..... 70 7B~ 00;3 le.cS7 20.611 - 123.356 
2700 9.~4" 76 ~""52 10.390 21.768 1.23.912 

"SOO 9.611 78.801 70.b6" U.120 - 124.511 

2900 9.695 79 -lAtO 70.910 2).6.,1 1.2'5.162 

3000 9.776 19.470 11e248 24.665 - IH.840 

310,) 9.864 19.192 71. ~ 18 25.641 12b.5'2 
3200 9.955 80.10b n.162 16.638 121.305 

3300 10, .. 048 80.4014 12.C39 21.6038 - 128.067 

HOO 1001010'5 80.11'5 12.290 28.6"'8 - 1.28,d"'6 
3'500 10.24, 8leall 12.535 Z9.661 - 129,63" 

1600 10.344 SI.)OI 72.774 30.696 - 110.1027 
3100 10e~46 81.S8& 7:i.008 31.736 - 131 $22'l 
3800 lO.550 Sl.ab6 73.238 32.186 - 132.ClZ 

3900 lO.1>54 81~ 110 1 13.463 31.S46 - il2.Hl 
4000 10~ He 82,412 73.603 34.91& IHe~71 

.tolOO 10.662 62$61'9 73.a99 35.991 - LH.3310 
4200 lO~96.6 Ci1 5 942 74 .111 37.089 - 135.083 
4300 11.069 B3.201 74.320 38.191 - 13'i.SU 
4400 11.111 83.451 1'..5210 39. )0) - 116.5J'3 
~500 11.212 83.109 74.726 40.425 - 131.233 

4600 11«311 83.9S.e 74.924 41.551 - 1l7 e915 
4]00 11.469 84.20" 75d19 4Z.6'>9 - 138.580 

4900 l!. '564 8 ..... 446 75.310 43.651 - U9.221 
4900 1l.657 f;l4.685 75.499 45.0l2 - 139.851 

SOOO 11.149 84.9Z2 15.685 4{>.162 - 1-(.0.470 

5100 11.836 85.155 15 .. t!69 4'~ 361 - Hl .. C66 

'.>ZOO 11.Q12 85.386 76.050 :'8.549 - Hl.6~5 

5300 12. 005 85.6110 76& US 109~ 7"6 - 1:"2.208 
,,"00 12.0B5 85&839 16&404 50. Q50 - HZ.1St. 
5500 12.161 86.061 16 .. 577 52.163 - lH.290 

'.it-OO 12.2JS 86.281 76.7lt9 53~ 382 - 143.811 
5100 12.306 86.498 16e91S 51o.bl0 14 .... 318 

~800 12.374 86.713 17 .. a8~ 55~ 8lt4 - 14<1o.IH2 
5'1100 (2.4,8 86e9Z5 71$Z50 'j1.084 L4S~ 295 
6000 12.500 81.135 H.lot) S8~3:H - L45. 76~ 
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,el" Io.Kp 
- 76. Solo INflNl T€ 

- 76.7Sl l12~ 111 
- 80.895 58.398 
- 82.8M bOe 74l 

- 92.900 bO a )93 
- 84. B3Q 4b.349 

- 86.674 37.885 

88.403 32.201 
- 90.044 280113 
- 91.607 25.0U. 
- 93.104 22.609 

- 94.550 2a.bolo 

- 95.750 19~ 024 
- 96,900 t 7 ~648 
- 98.00b 16.41b 
- 9'i1.074 1 S~46b 
- 100.105 14 ~585 

- 101.106 13~a 10 
- 102,076 13.l23 
- 103.019 12.508 
- 103.935 11.955 
- l04~ aZb 11.455 

- lO5.b9) 11.000 
105.308 10. lobI 
104.557 4.935 
l03~ 791 ~ .452 
IIJ3.!lOl 9 5 005 

- t02.201o 8.591 
101.379 8e 206 

- 100~535 75847 
99 c M5 7.511 

- '18. n& 1.1"Y6 

- 97 5 862 6.899 
96~924 6.620 
'15.963 6.355 
94~ 97<,1 601 as 
93.970 5.ij6B 

- n.9)~ 5.6 .... 2 
91.881:1 5.428 
90.814 5.223 
89 ~ 121 '.1.028 
88.605 4.8<\1 

S 1 ~4 72 4.61&3 
8b.320 4.492 

- 8'30. ISO 4.328 

- 83.963 4.HO 
- 82.161 4.019 

81.510) 3.87'0 
aO.310 3.734 

- 19.0b2 3.600 
77.603 ).410 

- 76.531 3.345 

- 15el~tJ 3.225 
- 13.94'9 3.108 
- 72 .642 2.995 

11.325 2.887 
- 6~.996 2.181 

- 68.1'.159 Z.680 
- &7.313 2.561 
- 65.9')7 2.46'5 

640 e 595 2.393 
- 63.223 Z.30l 

BARIUM MONOFWORlDI: (Bar) 

Ground State Configuration 21;+ 

8298.15 :; 58.82 t 0.05 gibbs/!IlOl 

(IDEAL GAS) GN·156.3"" BaF 
tJ.HfO "" _16.5 t. 2,0 keall!l'>Ol 

lI.Iifi98.15 ::; -77.0 :'; 2.0 kcal/lllOl 

State 

~ 
A 21'\/2 

A 2113/2 

B 2 Z+ 

C 2rr 

_1 

~ 

11646.9 

12276.2 

14062.5 

19999.2' 

20197.2 

(.; ::: 468.9 cm-1 

• -1 
3

e 
::; O.216~ em 

Heat of FoI'ltlation 

~ 

Electronic Levels a.nd QuantUf;l Heights 

We-Xe '" 1.79 cm-
1 

Ile ;: (0.00112] cm- l 

State 

~ 
D' 2;t0l

E 2'2;+ 

f 21:o!

G 27.+ 

H 21:+ 

-1 

~ 
2~156. S 

26222 .3 

28139,7 

29411.3 

311f51.9 

31582.0 

(j ;: 1 

f"e ,. 2.152 A 

~ 

LlHf is obtained from do third la.w analysis of Kp data for three gaseous dissocilltion equilibria. The Kp data were derived 

from observations made on the condensed .,hase systems B4r
2 

- B (~) and Bar
2 

- Al (2) by th<!! mass spectrometl."'ic-Knudsen effusion 

method, Results of a second ilnd third law analysis of these data are given below. Also included bela ..... are results derived from 

two ma.sS speetl."'ot::letric studies (1, !!) of the hetero&eneous reaction CD}. and a. value for the heat of dissociation of BaF which 

was determined from spectrophotome'tric studies (~, 2,) ot' reaction equilibria in H
2
-02 -tl 2 flames. 

Investigator 

Hildenbrand (,J) 
Hildenbrand (!.) 

Ehlert et al. (!.) 

Ehlert at al. (~) 

ZlDbov clnd Hargrave (~) 

Gurvich and Ryabova (!:. ~) 

Reaction Range L!<_ 
11118-1512 

11.!lB-1512 

1175-1255 

1175-1255 

11128 

Rea.ctions: CA) Ba(g) + Ber
2

{g) .... 2' BAF(g) 

Poin'tS 

ea 

(B) 2B4(g) + 8;3(9) .... 2 BaFeg) + BF<g) 

eC) BOl(g) + A!f{g) ... Baf(g) + Al(g) 

a On~ point I'Cjected due to failure of a statistical test. 

liHr 2S6 ' kcal/mol Drift 
lnd L.aw 3rd Law 

- 1.0 -6.6.:0.5 -3.B'!2.2 

8.6 3.5!'1.1 -J.5-!S.7 

26.0 23.0.1:0.2 -2.5.:0.9 

-118.a -95.11.:1.1 lS.4!:3.6 

-103.5 

lil S:! 6 

(D) 2' Baf{g) .... Ba(g) + BaF
2
{c) 

(E) BaF(g)'" Ba{g) to feg) 

t..Hf;9S(Baf, g) 

ked/mol 

-78.0!1.S 

-71.3:!:3.6 

_7S.Ei:!:3.0 

_1 IL9:t1.7 

-71.3:t3.0 

_133.3.:8.0 

Auxiliary ~Hf data {all in k.cal/mol) <.§): B3(g)1 102.8; BafZ(g). -192.1i 813 (g), -271.4'2. Bng), -27.7; AlF(g). 

_63.4; Al(g), 78.0; f(g), 18,86; BaF
2

(c), -288.9. 

It is believed th<'it the Kp data for the three homogeneous reactions (A, B. and C) 4roe IIlOre reliable than those for the 

heterogeneous reaction (D) due to the need for..,. machine calibration constant which appears in the equilibrium expression for the 

latter. Ehlert et al. (!.) determined this constant from vaporization experiments perfol"f:led with silver contained in their Knudsen 

cell. Further support for this belief is provided by the large positive drif't thd:t arises in the third law analysis of these Kp's. 

Also, it is felt that the results obtained froD'! the flal:le-spec'trophotometric studies ,:!,. ~} are somewhat !:lore uncertain than those 

derived from 'the Kp data for the three hOJ'llOgeneous reactions. Therefore, we choose 'to Oldopt A median ... alue M-!f29S 'Baf, g} 

" -77,0 ! 2.0 kcal/mol of the first three results. The adopted v4lue corresponds to a dissociation energy of DO(8d.-r) " 137.9 

kcal/ll'>ol (5.9B eV). 

G4ydon <':!.l has reported a spectroscopic value for DO of J.e c.V which is considerab.ly lower than tho ddopted thermoche~ical 

value. The spectroscopic value is based on a lineal' Birge-Sponcr extrs.polation of the thirteen known vibrational levels for the 

ground state (2l:~). However. Gaydon (1) and later Hildenbrand ,~.> ha ... e shown tha.t the linear extrapolation generally under

estimates DO when the bonding in the molecule is partially ionic. Correcting DO{L.BX) for the ionic character of 5~F with the 

ionicity p<!lI'A1':I(ftcr suggested by HildenbNnd (~), we obt4in DO(Ba-f) = 6.9 eV which is SOl:leWh4t hig;h. Other values for DO that have 

been reported are 5.91.1 (,b) and 5.68 eV (~). Both of these values were calculated froll' the Rittner ionic !Jodel (!..Q) for polarizable 

ions and show remarKably good agreelllent with the adopted va.lue. 

Hca t Capaci tv and Entropy 

The spectroscopic dat4, except fot" a
c

' are given by Rosen (,!,J) for 13B Saf • (te is ca.lculated from the Horse potential 

function. Corr~ctions to these data to account for the natural l!J:otopic abundances of b4rium were found to be negligible, The 

electronic st4tes and levels are also taken from the compilation of Rosen (!1}. 
References . 
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Barium Monofluoride Unipositive Ion (BaF+) 

( I dea I 

T."l< 

100 
,00 , .. 
'00 
400 
'00 

.00 
100 
800 

'.0 
1000 

no,; 
Il00 

, 1300 
1400 
1500 

1600 
1100 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2100 
zauo 
2900 
3,JOO 

].laO 
)Zoo 
HOO 
3400 
)'500 

3600 
noo 
)800 
noo 
IoQOO 

"tiOD 
"'200 
HOD 
4ofoOO 
"'500 

'>t)oo 
"100 
4800 
",900 
5000 

5l1l0 
5200 
5300 
51000 
5500 

5&00 
~100 
S800 
5900 
60000 

Gas) GFW ~ 156.3378 

_ ---iJ!ihbs/mol ___ _ ~----kaIJmol------_ 

Cpo sa -(G~-W_)rr H"-H"DII 

3~ 1104 

8.137 
9.809 
8.tle.L 
8.'100 
8.934 

8.967 
9.005 
<jI~ 0'53 
9.115 
9.191 

'7.302 
9.431 
'1.51:17 
9.769 
<;.<1110 

10.205 
LO.4~40 

10.118 
10.992 
11.273 

ll.556 
11.l:!3'5 
12.1 01 
12.368 
12.614 

ll.fB42 
13.051 
13.23!) 
13.403 
13.':145 

13.b04 
13.761 
l3.tHb 
U.99l 
13.926 

13.9,",) 
13.9<\5 
llcQ31 
13.'Ju,) 
13. a6)' 

13.416 
13~ 394 
13.31 t 
13~ 22b 
13.11,0 

13.0510, 
12..QbS 
ll~ 8133 
12.1'99 
lZ.llb 

57. 085 

51.1.?o; 
59. ')26 
6l.433 

b).OH~ 

64.3b9 
65.54'9 
66.595 
61.534 

68.388 
69.169 
69. SqZ 
10.~6S 
11.197 

71.19] 
12.361 
12.90" 
13.426 
73.934 

74.426 
74.906 
H.317 
15.939 
lb.z·n 

76.141 
He 162 
71.bla 
7tf.OIit? 
lij.oIt70 

7ae BeB 
7Q.2Q'i 
79.103 
liO.1Ol 
80.492 

BO.675 
Bi.25' 
81.619 
81.919 
ti2.Hl 

62.675 
83.011 
In. 33<' 
83.659 
83.<111 

8 .... 216 
94.512 
84.S01 
65 olio), 
85.418 

e5~ 69~ 
85~ qltt! 
66.20l 
66.'<4<1i1 
86.690 

Bb. <;I2e. 
61.l57 
67.381 
87.601 
81.815 

57.0B5 .000 

51.';85 .015 
51.lt09 • S41 
58.029 l.1e2 

58.73Z 2.570 
59.'V,] 3.4lt8 
00.134 'o.33Z 
60.7'95 'i.lZG 
61.423 b.1U 

62.016 1.001 
6Z~582 7.905 
63. 111 B. aoa 
63.625 '101.1.6 
b4.109 10.632 

M.511 Il.55!:! 
65.01l L2.493 
65.436 13.4"'" 
6'i.64:; 14.io, 11 
66.235 lS.HB 

66..613 16.407 
66.979 17 ... "'0 
bl. ]]4 lS.49d 
()1'.b19 19.564 
6B.OI"" ZOo b'il 

o8.HI 21.fB36 
68.66i 23.008 
68.913 2 .... 205 
69. H8 25.429 
6'[1.578 26. bla 

6".871 21.95l 
10.159 29.246 
11l.'o'o3 30.561 
"le.12l 31.8<1J 
70.994 33.240 

11. lb4 3'<.6Ql 
71.528 H.913 
n. raq H.353 
12.04& 38.739 
72.29fi 40.130 

72.541 "'i.. ~Z4 
1Z ~ 193 42.918 
73~OH "'4. HZ 
13.272 1t'l.10-lj 
73.:506 41.[J93 

13.1)7 "'8.1071 
13.:.164 49.9!:ib 
H.188 51.229 
74~409 52. ')96 
H.6l7 '5).955 

1'0.541 55.306 
75.052 5&. 6~O 
15.(,60 51.965 
H.4(.5 59.11Z 
75.i!:Ibi' bO.630 

75.8bb 6l.940 
16.062 63.2"'1 
1b.2:S5 b4t~5l4 
76.4<105 6~0 alS 
7b.033 61.0'U 

Dec. 31. 1972 

6HI'" ~Gr 

35.9.10 ZQ"Ob7 

35.<;105 29.025 
36.127 20.6?4 
36.1603 2 .... 327 

Jb.OJS ;!:l.971 
)6.044 P;I. &32 
,').958 17. 29~ 
35.912 14.962 
3S.~84 lZ.6Z7 

33.996 10,"81 
B.'iln 9.351 
H.~n (:, .Zl9 
B.":U 4.081 
JJ.'U.l 1.95 .. 

33.9'16 .182 
34.051 l.ll" 
3'0.115 4.461 
3':'. un b.b05 
31o.26b 9.754 

H~Ha - 10.901:1 
i.07d - U.8]'l 
1. }55 - 12."'31 
l.bOO - 13.036 
I.Ut! - U.65D 

2.001 - llOoZH 
2.160 - 1"-901 
1.2oQ, - L'5.537 
2 .~Ol - t6 ~ 1 ?to 
2.490 - it..817 

Z .561 17.'063 
2.620 - 18.110 
2.c.b9 18.751 
2.709 - 19.4-08 
2.74() - lv.O'5r 

2.781 - 20.109 
l.til6 - 21.363 
2.u52 - 22 .01b 
2.891 - 22.612 
2.933 - .2:1.321:1 

Z.9S0 - 23.985 
3.0H l4.b43 
3.051 - 25.302 
3.1<1,6 25.962 
3.209 Zb.t.21 

3.216 - 2.1.290 
3.345 - 21.955 
3.416 - 28.020 
3."8~ - 29.288 
3.501 - 29.959 

J.b)"" 30.633 
).708 31.303 
).11$0 31.916 
3.852 - 32.053 
3.920 - 33.319 

J$9H6 34.000 
4.0'0 - 34.666 
<IIdll - :!5~HS 
4.169 )6.G48 
"'.223 - 36.130 

WoK. 

- 21 .. )07 

Z1.145 
- 14.585 

lO.6H 

S.005 
- b.1o:''' 
- 10.7,25 
- 3.t.B 
- 2~ 1bO 

- l.Oal 
- 1.5ll 
- 1.0106 
- ~ 638 
- .265 

.025 
• Z9B 
.5""Z 
.1bO 
.951 

1. t3S 
l.116 
1.181 
1.I.B7 
l.l'H 

1.200 
1.206 
1.213 
1.219 
1.225 

1.n1 
1.237 
i.242 
1.2lftS 
1.252 

1.257 
1.2b2 
1.Zb6 
1.271 
1.21~ 

1.219 
1.262 
1.286 
1.290 
I.Z93-

10291 
1~ 300 
1.lO]' 
1.]06 
1.JlO 

1.327 
1.330 
1.333 
1.n5 
1.n8 

(ID£AL GAS) GFW ::: 156.3378 BaF+ BAR1UM HONOfLUORIDE UUIPOSITIVE ION (BaY"') 

Ground State Configuration (lZ+] 

$298.15::: [57.1 .! 2] gibbslr;101 

C.HfO '" 35.0 .! 10.0 kcal/mol 

6flfig8,15 ::: 35.9 !. 10.0 ked/mol 

(,J :: (540] cm-1 

a: :; [0.2311] cm-1 

Heat of formation 

I:lc.ctronic Levels and Quant:ur;l Weights 

State 

XI? 
• 'rr 
A' liT 

S' 16 

b 3;C 
A lE+ 

-1 
~ 

( 9000) 

(llOOO 1 

113000) 

(15000 ) 

( 16000] 

~ 

B 1 Z + t30000) 

l.i.leXe '"' [2.06 J crn-
1 

-1 

0e [0.00112] ern 

C :: 1 

re :; (2.064 J A 

'The appeal'ancc potcntial CAP) of !34F+ frolll BaF(g) has been measured, mASS spectrometrically as li.9 eV (!) and 4.8 :!: 0.3 eV C£). 

This lat1;er valUe has been confirned by 2mbov and !1argrave (~.>. Cort>bining these results with uHf(}BaF, g) '" -76.5 :! 2.0 kcal/lI'lOl 

(.:!). we obtain oHf.j(Baf+, g) equal to 36.5 and 3~.2 ':!: 9.0 kcal/mol. 

Hildenbrand <.V als~ rCiJOrted an AP for Bar from Baf2 (g) as U.S ~ 1.0 eV. Green ct al. <i) obt4ined an ioni:l:t!tion 

efficiency curve for Bar which extr-apoldtes (high-<ancrgy portion) 'to 12.9 eV at zero ion curNmt. Assuming the process to be 

e- • BaF 2 (g) .... Bar"'{g) + f(gl ... 2c-, we obtain aHfo(BaF+. g) values of 101.3 .! 2::' and 87.5 kcalhrol by combining the above results 

with bHf';<B4f2' g} '" -191.& .:: 1.5 xcal/1l101 and bRfD,r, g) ::; 18,3&:! O.~ kC4l/mol (!.±.,. 
The two lower values fOr b.lIfo are preferred here, since the dissociative ionization of BaF

2
(c:) most: likely involved unknown 

kinetic energy factors, We choose to adopt 6HfO(Ba:~! g) '" 35.0 ~ 10.0 XCiiI/mol which gives LlHf
29S

(Bar+, g) ~ 35.9 ! 10.0 

kCiil/mol. The adopted heat of formation corresponds to 411 ionization potential for Baf(g) of 4,83 eV, 

Heat Capacity and Entropy .. 

The dissociation energy of BaF (0'; ::; 145.~ kcal/mol) is slightly greater 'thatl that for Baf(Do ::; 137.9 kcal/mol (!.±.» which 

implies SO!:lc:what s'tronger bonding in the ion. Thus, onq: would expeCt the internuclear distAnce (r ) for the ground state of BAF 

to be less than that for Bar, Barrow and Beale (.§.) postulated from a I"Otational analysis of the r~l'" _ X:1Z+ band sys'te~ of ~rF 
a r tor Srr+ whiCh wall some to t lower th.m that for SrF, We assume a similar dect'ease in r for Bar'" and obta.in r ::; 2. 06li A t't"Om 

e .. e 2 Se 3 
:t'e(BaF) ::; 2.1~2 A (!!). we is calculated from Badger's Nle (2.) which ca.n be written in the fOMfl ~c :: J.lij/: 10 h.dr

e
- d

ij
, . 

Holecular data for Csf (~). Bar (~), And BaD (~) were used to determine the constant el ij . The product xell hit.!; been shown 'to be 

constant within a group of similar' molecules by Barrow and Caunt: (1), Since 01112 (Bar+) i; 1J1/2(B4F>, We assume xeCBar+) :: xe(Baf> 

dud obtain "'exe equal to 2.06 cm- l with our estirr-a.ted value for w. o'e is obt4ined from the other constants assuming a Morse 

potential function. The oofI'Cnt of in(!t'tia. is 11.806 x 10-39 g cm2. 
Bar" h&s eight valence electrons; U1US, the ground stAte co",figuration C1Z~) and electronic levels for the A and B states are 

esti:-.ated fror.l those for the isoelectronic moleCUle BaS (.!..9.). By anAlogy with the &4SeOUS alkaline earth oxides (!l.), C
2 

(~), 

and BeS Ql). lOW-lying triplet sta1;es are to be e>cpected. The two estill'ated triplet levels are ba.sed on those Which have been 

observed directly in C2 (~), BeS (g), 4nd indit'cctly (thl:'ough pcrturbativc effec1;s) in BaS <lQ). Also included are a ln state 

~t ll!~O cm-
l 

<;lnd a Ie. sta.te at 13,O~0 cfIl-
1 
.. These l!?ve;s are also ~stimated. by andlogy with those for C1(~) and BeS (.!1" It 

l.S belJ.cved that our adopted e1ectronJ.c ent.rop::..es fol:' Baf are most ll.kely rnin:l..mal values. Probable upper ll.mits for 'the 

electron.ie contx;'ibutions can be established by decreasing the triplet levels to 1000 cm- l (3 n ) and 5000 crn-1 (3:0 and ne:glec'ting 

the other exci'ted stdtes. This increases the entropy by 3.e ell and 2.1 eu at 2000 K and 4000 K, respectively. The enthalpy at 

o K is -2.20 keal/mol. 
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Barium Difluoride (BaF
Z

) 

(Crystal) Gf'W = 175.6368 

_____ ~ibbs!mol---- kcal,lmol 

T,~ CpO so -(G"-H~:ao.)rr Hg-H~2H 6"'" 6Gf" .... !C-

• JOJ .OJIl ! fill-I "'In- - :1.453 Zl3d.~'H 2d8.'<Jl INFINI H: 
I. h~ ~7. I.U. - z. ~98 - 2i:l"l.ZJ1 - 2"5.0c.1 6B.Oi4 
!>.4lS 24.516 - 1.6ct! - 1.1;19.115 - ZS(j. d8~ )06~ 'H? 

Lj.OH .! ~. J39 .JuQ - 2d8.9uO - 216.!j 13 202.95] 

30'') 1I.2tH <..>0 1"0 2:1.0"0 .032 - Z,jd.a'J"t - 216.1<;18 201~ 64 7 
'.JO IH.I:>O 28.1,,:; 23. '2.9 1.1:100 - Z!'!!3.612 - U2~!;!1l t"'9.0:,7 
\00 13.7:.>0 j7.3ul 25.'::';)7 ;1.652 - 2d'::'.485 - 2bS.b<lO 111.521 

bOO 1'1.2JO )5.dtd 26.j1Q 5.,4<) ':da .~l'j - 2.64.<,1" 'Ib.5-0Q 
7()O l~ .6'iv )!:I.5lJ 21:1. 1 ~J 'I 1.4'1J - B6. ~"4 - 261.",40 tll.5JO 
3:JQ Z';. jjJ 1,1.4''-1 2<,1.611 9.4'00 - 2dd.241 - 251.1", 10.249 
'100 ll.lJO 'd.';'ll ::I1.U12 11.561 - Li:J!.'t/:lS - 2j,3.C7i bl.'>03 

lOJv l.2.f,')U 4(,.LtG 32.472 Ij.744 - lfl7.e:21 - ':4<;~ 4JJ '.i4s ~l'" 

llJC .:''','jJ'' Ju).4tS 33.~C:4 Ib~10U - ..:I3-,1.(jd3 - L45.44-J 4;;hlobS 
iU.J Ji.2.)O "Ud31 ).141 \<1.835 ltld • .:'43 - Hi.SOl 43~9d'r 
1 Nt.: 32. '100 5) • .>.?e 30.'.6!, 22.">03 lM".)S4 2J7~I>B6 39.959 
14J.J 27.,::''')0 '5(,,':;0<,) ::"./tiS Z'='.;,Cl - 2t1:>dIJ1 - lH.9d~ }b.?27 
IS(,,\0 <!S.7jO ')J.,~41 .;9.J<';6 28.761 2tU.d6b l30.J!l5 H.%j 

h<:!Q,L __ 
1 {00 
ldJi"J 
] '?0:l 
2uau 

_4_C_'_lU __ ~h JJiJ ___ :_ ...d..ttJ_·x~.'!. ___ ::_'i?~3!1Jf ______ tQ.~~l!t 
41.:'16 31.907 - :.:oZ.421 - UJ.31Z 211.10<) 
42.b6~ .H.,.4!h.l - idl.b93 - 219.d5' 0::0.6';4 
"dolt" 39.;)53 ZUll .... ,4 - 216.441 Z4,ij9b 
44.<130 41.626 - 2tlO.liO - 213.U02 21.2t1l 

SARltJH DIFLUORIDE: (BaF
2

) 

Si9B.lS :: 23.04 -t 0.10 gibbs/mol 

Tt '"' 1240 K (a - 13) 

Tt '" 1480 K (~ - 'Y) 

Tm :: 1641 K 

HeAt of formation 

(CRYSTAL) GFW :: 175.3368 

llHfo" -288.6 .!: 1.0 kcal/mol 

1lHf"198.1S::: -2IHI.9 .!: 1.0 kcal/mol 

Mit" :: 0,0 kcal/mol 

l!Ht~ ::: 0.639 '!: 0.200 kcal/mol 

aHm" :: 5.583 !. 0.150 kcal/mol 

liHsi9S.1S :: 9&.83 :1 0.50 kcal/mol 

BaF
Z 

Guntz <.!) measured the heat of neutr'alization of Ba{OH)2(aq) with HF(aq) 4S lIH :;' -34.S kcal/mol at 2SI< K. We estimate 

llCp :;' 106 gibbs/mol (,t.) for Ba{OH)2 • 660 H
2

0 + 2{Hf • 110 H
2
0) .. BaF

2
'c) + 2 H

2
0(O which gives liHr298 ::: -33.4 ked/mol. This 

v41ue leads to 6Hfiss(SaF2, c) :: -288.3 kcallmol when combined wit"h uHfi9S(HZO. t) " -68.315 <.~), llHfi98(B4(OH)Z • 660 H20) :: 

-237.9 (~), and 6Hfi9S(HF • 110 H 20} " _76.81 kcal/mol (~). Petersen (~) investigated the sa.me reaction but: with Hf • ZOO H20 

and found that ~6' of the Eaf
2 

remained dissolved. After' correcting for incomplete precipitation his final result was 

ilfi Z92 :: -33.92 kcal/mol which gives IlHfi96CBdf1' c) ::; -268.2 kcal/mol. 

In the same study, Pe'tersen <i) t:ted.sured the hedt of precipitation of Bd.f
2 

from BaC1
2

(aq) with AgF(aq) as 6H 292 :;' -35.02 

kCdl/mol. We estima.te 6Cp = 108 gibbs/mol (1) for HAgf • 200 H
2
0) -to SaCl:? • Ij.QO HZO .. Bar 2(c) + 2AgCl(c) which gives ~H298 :;' -34.4 

kcal/mol. Combining this value with 6Hfi98CAgCl, c) '" -30.37 (2), 6Hf
29S

(Agr • 200 H2 0) " -53.398 '1}, and llHfj9B(&C1 2 • 1+00 H2 0} 

'" -207.938 kcal/mol (~). we obtain OHf
29S

(Baf
2

, c) :: -28f:1.4 kcallrL01. PeteNen (£) dlso reported the heat of solution of Bar Z as 

6H~oln '" 1.8a kcal/mol. from this result, we obtain 6Hf29S(BafZ' c) '"' -Z90.3 kCill/mol. 

Stephen and S"tephen (~) have selected a "best" value for the solubility of Bdr
2 

of 1.614 g/t a.t 298 K which corresponds to 

sp =: 3.1196 x 10-6 . Using 6Gfi98CBa+2, ..., aq) = -13 11.02 (~) and llGfi98U-, "" ~q) " -66.96 kcal/lUol (.§), W"e calcula.te t.Gfi98(&fZ'c) 

-275.45 kcallrtOl. Bdsed on the adopt'ed functions, this vi!llue gives fi"lifigB(B~FZ' c) :: -287.5 xcal/mol. 

Two equilibrIum 5tudies '!.Q. ll) have dl:;o been rtlported. Second and t:hiI"'d law analyses of" these da.ta are given below. 

Temp No. of Gtlr Z9S ' kc~l/mol Drift liHf298U,~af2' c) 

1 nve!ltigatol" 

Domange (±.Q) 

Reaction Range, j( J:9ints ~.!!:! l!'d Law _e_" __ ~ 

1173-1373 41.0 62.St3.!> 16.9!:1.0 -267.3 

417-1033 9 L9 5.S!l.O -O.l!O.l -279.8 Hood .snd Way ski (g> 
Reac"tion: (A) Baf

2
(c) + .... 2 HfCg) .. BaO(e) (8) HfCg) .. 0.5 BaC1

2
(c) .... HCl(g) .. 0.5 BafZ{c) 

The large discrepancy which arises the t.Hf vdlues obtained from the equilibrium and calo("imetric .t"esults is not well under-

stood. Domange (!,Q) h.5s med.sured similar equilibria fot' CoF
2

, MgF
2

, and Caf
2 

which are very consistent with JANAF heats of 

formation. Very r-ecent1y, finch et .1.1. (ll) attempted to dete:::'mine. the heat of precipitation of BaF
2 

from &C1
2

{aq) by dissolving 

a slight excess of NaF. X_ray diffraction studies of the precipitate showed the forma'tion of BaClf and Ba 2 CIF
J 

along with SaFZ' 

We belit:!vc the equilibrium results of Hood and Woyski <:!1) may have been influenced by the formation of mixed hdlidcs. Also l it 

5eems quite likely that the caloritletric resul'ts of Petersen (~) on th(l p('ecipita.tion of BaF
Z 

from BaC1
2

(aq) with Agf(aq} would be 

sirailarly influllnced. We choose to a.dopt LlHf
29S

(Ba.F
2

• c) :: -Z88.$ .!: 1.0 kca·~!mol which is a weighted valut! of the c41ot'imetric 

results at Guntz Q) 4nd Petersen <.§) on the heat of neut!'aliz<ltion of Ba(OH)2(.e.q), the hCdt of solution of Baf
2

(e) (§) 

and the Ksp valUe obtained from the solubility data of Stephen and Stephen (~). B4t'<lny ('.t ill. (.!!) determined the hedt of solution 

of BaO(c) in Hf(aq), which contained some dissolved silied, as ilH -:: _73.04 kcal/mol. We assume this Y41ue refers to tht! r€action 

BaO(c) -+ Z Hf • 4.ln H2 0 .... BaF
2

{c) + r.
2
0(t), and we calculate lI.Hf

29S
CBaf

2
• c) '" -290.2 ~ 2.0 xcal/mol with Mlf

29S
(3dO, c) :: -132.3 

kcal/:no1 (~). These results subs'tanti4te our adopted 6Bf~ value. 

Hea.t Cdpa,city and Entropy 

Cp below 298 K is based on the low t~r.lpcr.ature (110-300 K) heat capdcities of Pitzer et ill. (!1). These data. show an unusual 

leveling off of Cp above 274 K, and va.lues in the range 271.1-300 K ar-e obtained by gr4phieal extrapOlation of their low temperature 

ddtil. S;98.15 is based on the adopted Cp's with Sis:: 0.09 eu. 

Relative enthalpies ltdve been ropor-red by r:iremova and Ma.tiz:en (J._~) (757-2053 Kl and Krestovnikov and Ke;l"etnikov (12) (298-

1273 K). The ~nthalpy data of EfrelUOvd and Matizen (~} indic<.lt~ the existence of a. second oJ:'der phase transit.ion at 1240 K. We 

adopt cheir' smoothed Cp data in the 'tempera.'ture range 800-l~80 K. Cpts belOW' 800 K ar-e estimated gr4phically by co.oparison with 

'those for Sa.CL 2 , Caf 2 • dod SrF Z (.?,). Cp data for Bdf
2

(y), are based on a JA."lAf curve t"it of their relative enthalpies (H82-1596 K). 

'the rapid ('ist! in the enthalpy near the l'tlelting point (1641 iO is assumed to be due to premcltin&, and these points were not used 

in the fit. The maximum deviation of our adopted funct:ions fro:zt those used in the fit is 0.5\. Kel1~y (ll) has analyz.ed the 

enthalpy data of K~5tovnikov and Karet'nikoY (!.~). His smoothed enthalpies are con'si&tent1y 2-3\ higher than those adopted. No 

second order phone transition was observed. These data are judged to be less reliable and are not used in our evaluation. 

Transition Data. 

The 'transition tempcroltures are those repor'ted by £f('coova and Hati:t€n (~). We assume the tr-ansition at 1240 J( is of the 

second order type, since no discontinuity dppears in their enthalpy ddta, a.t this temper'<'l.ture. The hC4t of the IJ-'Y transition is 

calculated as the difference between the ~doptod enthalpies for these two phases at 1'<80 1<, 

Melting Data Sublimination Data 
S(!e BaFz(.t) 'table for details. See BaF

2
(g) table for details. 
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8arium DiflLJ0ride (BaF 2) 

(L i qu i d) GFW = 175.::\368 

--gibbs/mol---- kcal/mol-----

T,"K Cp~ so -(GO-Wn~)rr H.g-H~na 6HF I.lGf' Log Kp 

1,)0 

200 ,;, If • .??7 /ci,'1:;) 2t1.'.JilO .,juu - 7''1.'140 - 2f:<1. f)'h.l 197. t'ldtl 

'3 hJ 11.lIl1 2").'.>:17 Z,,'jdl ,I,U2 - O'~.940 - ?6<'<.t..,:u 1%.4a 

"' ... 01) 10,15'; )4. Ld4 £'-1.:'10 1.8v6 d'I.6'5b - <,f,6.<'B 1 ... ".4oj 
~,Ol) :) \t!.l!)O .HI.3Ul :SCd97 3.65l - U'ii.~31 - 262.il<>6 1 J46912 

6Ju 19.100 41.!?'! 32.')11 5.')4'1 - 2H.~H - .:!S'l.'>e:.3 <;4. ~46 
1:;8 <'4.1'):' ]4.;:bO r.493 - ~ (OJ .j<JiJ - l?ti.24) !lO.UO] 
dJ v 41."21) .!.':>.5S8 '<. "<,0 ,n'l6L'H - Z Sl • '~"" 69.1.11 
-lUi) "'~ () J '.9.:j<;6 ;, 1 •. 11J 11. '161 U<,l.0Jl - o!4<J,004 bO.6l1 

liJJl 7'. '.>l1O ';.;. \5l.> jfl.'.13 1 j. 14~ - 27~ .06<1 l4b.41O ::1).1355 

11uu U.dS<J ~4. 411 3'.1.(65 10.111 - ,'''0.126 - 243.023 4t16 2~4 
)6. 4d 7 '. I. 013 13.4"11 - 27'1.62.1 ll9.072 4~ .6~u 

";Id.3'}f 4?olB lO.3dl - n'ol.lli. - LJ6. HZ 3)1,736 
\<'00 2~. tb<; Lll. \05 '",;:>",,::> l1.lod - 21j. 'Jao - 233.0C;':> ~6. 3db 
l';uJ 2,.<)')') 61.at! ....... 7!)!> 2:5.654 - nd.Gj'j - 229.<164 Jj .491 

03.3")\ ~4)~._.t~~~ i:,1.;)~.J~_~~-__ <!JJ_~'i'"!.'! __ =_U?.!'2Ll ____ _ N~'!9l 
--~4~7~7 <of,. lOu JJ.'.Z6 - lfo. ,"<oj - 221. ~l 0 28 of J4 

f,h. Lf,] 41.-.)Jl Jl.oU - Z ID.",,; r - 220.384 26.7SE 
..,7.'.')\ 4t. ',20 J).i"J - U':>.ti7S n1.l'U; 74.')':14 
03.6/', <o4.9d3 37,";:4 - If'l.3':>0 - 2t4.Ll5- lJ.4Cd 

<'lUO 2",;'3<; G'?I.l""i'i ';Il. :l":b ,q.'7l - ?14.doJ - 211. 111 21.<;71 
i.e.):) z j .~5'" 10.'J4":; 51.6<;(1 4 2. 3~o - :lJ To ("OJ Lll6.'12".i 20.556 
l}QtJ ? 1. OJ'; 12. ~l 0 <; )).":),7 t.". .14l - .hl 7 .1.11 202.3:'4 t'i.220 

n 0 3,'; n,",d~ ::3. lea 47.121 - l<H.dLl itl.Ot,; 
tjo>1,)':1 L'.)"'" 51..t·n 4' •• 513 - I'n.""''.) lu.o'1S 

- ---. - ~ - -- -- - - --- ---- -------------- ------- --------
luUv 2J .... dC, 14."d~ "".;;73 'i 1. iJ<n' 50?SJt:I - liJd. -(96 1'.>.tl70 
lfOU 210 J :,'~ lS.::l"i'; 5S. r29 54 ~ 2 OS 305. I ~2 - I ;,jl •• 3t2 14.<il9 
7 ~ ... ),J ,n.:J'.>'I 76.70j 56.4[<3 '56.071 hito.fdl - 1l9.b.r.b 14.031:1 
cJ.)) 23.9'.>'1 11,',40 "i / ~ 1 7 ':.> 59.v":)1 304.4!:Jl - lIS.H7 13.217 
3QJJ l.l."5'.,. 1:1.;44 ~7db,l ~ I. 443 - ~J';'.l jQ - I fO. 942 12.453 

HJJ ''1,1·31 )d.'.J41 63.<12<;1 - 104. CI'J - 166. 'nl3 11.730 
,7;"·) 7<;.d<:l'j ';>'-1.191... ~6 G ~ l3 - .Iv, .<14'5 - 162 • .)70 11.0&'1 
nul.; uo.cd 5':;.:135 arl, bOJ - H13.7C2 - 1'>7. ()4 1 IO.44{) 
~4.J,) hU.',,,l 7,l.9/jo 3J).51;5 1')3. ?11 S.049 
):'clC 61.utd H.311 303.41:1"-1 - ito'S. 744 g.291 

Dec. 31, 1972 

BARIUM DIrLUORIDE (Ba!" 2) 

5298.15 n.ne gibbs/mol 

Tm :: 1641 K 

(LIQUID) Gf' ~ 175.3368 l:laF 2 
(,Hf 2SiI 15 -279.946 kcal/mol 

/lHro" " 5.583 ... 0.150 )-::cdl!mol 

Tb 2545 fli-ir-- SB. 2 kcalfmal 

Heat of formation 

t!Hf~ is obt.lined fr'on; "thdt of the crys'tdl by dddition of IlHm 6 and the difference between (H l541 - Hi9S) for the cry:.t:al 

and liquid.. 

HeiJ:t Cap;;.city dnd E:ntrop..): 

A gla.ss transition is astlumed at 1100 K below which Cp follows that of the crystaJ... Cp is <.I5sumed constant in the 

temperature range 1100-3500 K dnd is bdsed on a JANAF curve fit of "thi:! rela.tive enthdlpies of r:f:rernova and Matizen (!.) 

for the liquid (16 111-1900 K). Some scatter was observed in thc:se da"td at the higher temperatures, and the.se points were 

not included in the fi"1:. The max.ilTIum devidtion of th0 observed enthalpics which Io!er'c used in the fit: from those adopted 

is 0.29'., 

Hel"tj.~a.ta 

TID i!; the va.lue sel~cte-d by Efremov<!. and H.ltizen (~) from their ~lativi'! enthalpy ddta. These data show prem~~l"ting 

starting ncar" 16,0 K and complete melting occurring <:I.t 1646 K, Otr.er valUes foJ;' Tm t"hdt have been reported are 1677 (1.), 

1528 (2), 1627 (~), 1617 (~), and l593 K {.§.J, The selcct<:!d Tm was obtained from measuI'ements made on sa.mples of Bar 2 

contained in steel and molybdenum capsules. There were no indications of ilny reaction between the sample and contain!'!:!'. 

Three of the lower va lu(~ s gi yen above werc de teprnined from m0.dS urcmen't s on Bar 2 r:.:On til ined in c i thl:'r gra phi te (~. ::) or 

tdntalum (~) crucibles. It has now been est.:lblished by ma.ss spectt"o~copy (?, ~) that the alkaline earth difluoride:>. 

be appreciably reduced by these. materi-'!ls n;"!al' 1'100 K. Thus, we prefer "thr: higher value. 

I'iHm" is oDt<J.ined a.s the difference in the adopt.ed functions for the liquid and crystal at Tm. 

Vaporizdtion Data 

Tb is 1:ht= calculated temperature at -.. hich 6Gr- " 0 faC' BaF
2

(f.) -r Baf
2
(g), llHv& is obtained from the difference in 

fo:-- the gas and liquid. Ruff ,and Le Boucher' (~) derived Tb 2533 K and t.Hv -: G9.S kcal!rnol from an analysis of 

vapor pressu!"'e2 (1960-220& K). 

B-~J.:.~Tences 
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Barium nifluorid~ (BaF 2 ) 

(Id~al Gas) GFW = 175.3368 

----dbb.sJmol---- _____ kcallmol ____ _ 

T, "K 

o 
toe 
'00 , .. 
300 
400 
:>00 

bOO 
100 
.00 
YOO 

lOu;) 

HOO 
1200 
1300 
lr.-OO 
lSOU 

1600J 
110(1 
l!tOO 
191)0 
200\! 

2100 
2200 
(300 
2'HlQ 
2500 

2600 
2100 
2800 
2'HiO 
3000 

31VO 
3200 
3100 
340Q 
3500 

:;aou 
31uQ 
HOO 
3'100 
4000 

4LOO 
42,;)0 
4300 
4400 
4500 

4bOll 
40700 
4!WO 
4900 
5000 

5100 
:t200 
5300 
5400 
~500 

S&OO 
'.i70a 
'.i80'll 
5'100 
60UO 

CpO SO -((.'''-Wnli'{f HO_H"_ 

3.262 
l.nG! 
l.a ... 
.01)0 

~ 000 
lu.:n7 
11.':171 
l2~ aH 

13.613 
13.6d9 
13.140 
1l.llS 
U.SI.lO 

D.c!9 
1l.dH 
B.8'o5 
D.SH 
13~ 661 

1l.865 
13. sal 
1).1:189 
11.891 
13.an 

13.894 
ll.a95 
13 ~8"6 
13.6(17 
13.898 

13. a9~ 
13.tJ99 
l3.'90;') 
1 }.900 
13.90t 

13.<,102 
13.902 
13.902 
13.90) 
13.9;)3 

130904 
13.90l0 
13.904 
13.91)4 
13. <;Iv'5 

I J .905 
13.9u5 
13.905 
1].9u5 
13.906 

13. <,;06 
13.906 
13.",Ob 
13.9C6 
I ~.':il06 

13.901 
13.907 
13.907 
13.901 
l3.901 

.000 
'5<1l.J60 
67.017 
n. QS5 

12.064 
n. Sl9 
70.817 

st.2es 
B3.392 
ts~~ 224 
tic. 844 
88.291 

8".613 
90.8to 
<H.Gl2" 
"iZ.Q50 
'n.qoo 

Q4.8Jl 
Q5~"'4Z 
96."d5 
?7.li5 
97. H97 

98.'515 
990221 
9'i.838 

100.429 
100.996 

101 ~S41 
102.0b5 
10l.511 
103. ass 
103.5]0 

103."85 
10 .... 417 
to".8S" 
105.26<;1 
lOS.t:.12' 

l06.064 
lOb.44~ 
106.61, 
107.111 
107.529 

101.871 
le8.207 
lOd.5H 
LOB .8'j" 
109.160 

109.472 
109.711 
110.064 
11 0.3:50 
BO.b31 

llO.901 
ltld17 
111.442 
111.1.:11 
11I.951 

U:t.lO 1 
IIZ.4:53 
112.69') 
l1Z.<';H 
ll).lbl 

INfI/'dTE 
8l. '50 
73.131 
H.9S5 

11."'85 
12.49:' 
13.1071 

14. ~ 14 
15.t:>i:J7 
16.7b7 
17.1<09 
78" 11 

10:0.10 
al).5811 
IU.HO 
dZ.!99 
82 ... 48 

83.6;/.d 
81o.iIo1 
H.o;<jjl 
85.H] 
8£0.210 

86.f83 
1:17.333 
S1.864 
t:la.3H 
8th Iib9 

89.346 
89. eOl 
90.254 
90.687 
"H.ta7 

·:;iI.Slb 
91.'112 
92: .l9S 
C02.un 
43.03'fi 

9}.3<,.5 
9].1"13 
Clio. 082 
'i4."U 
94.1H 

C;5.C,3 
95. J62 
'95.665 
9;.961 
<;Ib~Z)l 

'il6. IS ~5 
9b.dLl 
<tl.,;e6 
91.)54 
'il.bI7 

<;'7.iI15 
")8.1.18 
<)S.Hl 
98.611 
'd.861 

'09.0<;7 
<)t;.319 
99.'iS!:! 
99.1133 

lOO.JOt. 

~024 

1.313 
2.613 

4.oza 
5~ 3<04 
1>.76:> 
8.141 
~. 520 

u:. '1e1 
1l.284 
13.601 
15.052 
lb ... 3t\ 

11.824 
19.211 
ZO.5"" 
21.'hi1 
lJ.31~ 

2 ... 163 
2b.1.52 
21.540 
2a~nq 

)Q.319 

H.lca 
J,). Qt;ll 
),4 ... 91 
35.tl1'& 
31.266 

38.&5& 
4C. v-'o6 
.r,.l.4Jc 
... 2. dZ6 
44.21(: 

45.60b 
46.90;6 
.. a.)Sb 
49.117 
51.l61 

52.,:57 
;3.<,148 
~S.B8 

56.72'1 
S6.l19 

S'ii. 'iC'i 
bO.'lOO 
6,l.2'I>'" 
6).bl.'ll 
65.072' 

66.40£ 
6 7~ 1i!.,3 
6<;.243 
10.634-
120 025< 

11.lo1!) 
7hbOb 
16.1 .. 7 
11.;dl 
18.97/j 

Dec. 31. 1972 

Mil" 

- l"'l.bOQ 
- l'H.118 
- 191.911 
- l'lZ.loJ 

192.102 
- 192.2115 

t92.t.64 

- 193.246 
193. t43 
194.112 

- 19 .... 005 
- lQ5.045 

I-H.490 
- 197."9" 
- l~8.4dO 

196 ... ,0 
- 199.40~ 

- L9g • .£;64 
- Z·)O.H1 
- ,21J0.174 
- lOL .240 
- 201.121 

- .l!li2.Z21 
- ,H6.0'il6 
- 2)0.456 
- 2:3"".1:11) 
- 237.)4:1 

- l]1'.tlti) 
- 238.414 
- 239.120 
- 2j8.tl17 
- ,2100.561 

- 2"'1.34b 
- 24l.lbB 
- 210:1.02(.1 
- 2 ... 3.899 
- 244.199 

- Z45.1D 
- 246.041 
- 241."17 

248.511 
- "U.q.4~q 

2:51),"01 
- 1'H.340 
- 1>2.:05 

153..205 
- 25 .... lJO 

- 255.C108 
- l:t~ .'il'9 
- lS&.8td 
- 2')1.1bO 
- l:)d.b'O 

- (S'>l.~H 

- 260.',,0 
- Zb1.28l 
- 262.14'> 
- 263.0<..13 

~ 263.d5S 
a 204-.101 
a 2b5.'S'io 
- 206.3'n 
- 207.226 

IlGF 

l'1l.bOO 
192.83") 
193.1<11 

- 194.bb6 

1<;4.681 
1'115.517 
196.261 

- 1 ';16. 'i~~ 
1'17.'1 .. 5 

- l'i1E1.0b~ 

198.:'25 
19S.C1Jtj 

1<;19. \10 
l'i19.234 

- 199.311' 
199.}64 
19'>.31'1 

199.361 
199.Jb 
199.244 
1"19.1"'6 
19'1.0.23 

- 19d.IH7 
L97.479 
lQ5.1l5 
1'13.936 

- 192.137 

- 190.3L8 
188.476 

- 186.614 
184.125 
l8Z.81S 

180.8113 
173.914 
116.92'< 
174~90a 
112.8610 

- 110.19 .. 
168.702 
160.581 

- 16'+.441. 
il:2.211 

lbU.Of!! 
1').7.806 
15~ .4Zd 
153. HI,) 
151.0.,,2 

14tl.1'i/Z 
- 146.472 
- 144.131 

L41.113 
- UIJ.3~b 

LH.IJOe 
13Co .5<;;3 
132.104 
U9.724 
127.261 

124.1b5 
- 122.2910 
- l19.1Sa 
- 117.211 
- 1110.735 

tAl Kp 

INFINI rE 
102t .419 
211.1H 
142.b94 

14t.1S2' 
106.826 

8':).197 

71.741. 
bl.b7b 
5 ... 10<; 
4B • .20a 
4).4HI 

39,S'SQ 
36.28'5 
33.508 
3t.i2l 
29.04'1 

27.231 
15.6l4 
l4.192 
22.901 
21.hB 

20.697 
19.618 
Ld.5'H 
1 7~ 660 
16.791 

12.152: 
II ~Z 19 
11.117 
ll.Zlo3 
1L1.794 

10. :ito':; 
9.965 
9.5!U 
9.215 
8.866 

8.533 
b.ll5 
7.9l0 
1. 6J e 
7. Btl 

7.06'< 
~. a 11 
6.562 
0.323 
6~O'>ll 

5.871 
S.if,,51 
56~'jO 

'J.250 
5.,;)51 

4.810 
4.06'1 
4.514 
4.344 
4. t 1<;0 

BARIUM DIfLUORIDE (Baf 2) 

Pain t Gt"Oup " C 2v 

(IDEAL GAS) OfW ~ 175.3368 :3aF / 
MifO :; -191.6 ~ loS kcal/rnol .... 

5i98.15 :: 71.98 ! 0.50 gibbs/mol 

Ground State Quantl,ltl Weight.:: 1 

bHfigs.15 :: -192.1 ! 1.5 kcd/mol 

Bond Distance: Ba.-F '" 2.32 ! 0.03 A 

Bond Angle: F-Ba-F'.:: (951 a 

Vibrational Frequencies and Deganer-acies 

-1 
~-
1.113 (1) 

(61.1 J (1) 

390 (l) 

Pt'oduct of Moments of Inertia: lAlaIe" (5,8579 x 10-114 ] g3 c n;6 

Heat of fol'rnation 

J '" 2 

uHf
29S

(BaF
z

, g) :: -192.1 :!: 1.5 kcal/mol is obtained from that of the crystal by addition of llHs" :: 96.83 ! 0.50 kcal/mol. 

The selected lIB-s" is bdsed en an analysis of six sets of vapor pressure data (1 - ,?). The r-esults of OUI'" analysis are given below 

Temp. No. of uHs 298 , kcal/mol Drift 6Hfi9B 

In .... estigater Method ~ Points ~2~ ~ _0_"_ ~ 
Ruff and L€ Boucher (1) Dynamic 

B,P. 
2061-2206 

Green et aL (1) Knudsen- 1232-1503 20 
Mass Spec:. 

Bautista. a.nd I...angmuir 1130-1250 10h 
Hargrave (l) 

HaX"t and Searcy (4) l'orsion_ 
- Effusion 

1261-1548 4S c 

Hart ;md Searcy (~) 1315=l49L 2Sd 

Hildenbrand at <11. (5) Torsion-
- Effusion 

1265-1550 Equation 

a 6H
29B 

(vaporizdtion) 

97.0a 86.79!O.88 a _tj.9~0.8 _193.2!.2.0 

96.5 '98.l7!.O.1+5 1.2!.O.6 _190. h1.5 

96.4 97.68!:O,19 1.1!:O.9 -191. 2.!:1. 1 

93.2 96.12!O.6B 2 .hO. 7 -192, 8 ~l. 7 

93.7 95.4 7~O. 38 2.0tO.S _l92.1l!1.4 

91.;.2 910.74!O.13 0.' _1911.2!1.1 

2 b , 4
c

, and 3d points rejected due to failure of d. statistical test. 

A weigh1:ed value of these six r-esults is adopted. 

Heat Capaci~and En..t!:.:£EY 

The bond length is taktm from the high-temperature electron diffraction studies of Akishin .ind Spiridonov <.§.>. Although 

Akishin a .... d Splridonov <.2.) interpreted their results in 'tern:s of a linear configuration for Ear
2

, recent electr'ic-deflection 

experiments (2,) and md.'trix isola.tion infrared studies (~, ~) clearly indicate that BaT'} b bent. Cdlder et al. (~) estimated the 

bond angle as lOO~ from the changes in the bond angles with mass of the central atom for other alkaline earth diflUOl'ides. Saikov 

(l,Q) estimated the angle: as 115-. We prefer a slightly lower value (95·) thdn these, since these are indi.c<ltio .... s that other heavy 

metal halides ha .... e bond angles h<elolol lOOe, for example, bond angles for Pbf 2 and ?bC1 2 have been reported as 90· (g) and 

96 ~ J. <g>, respectively. 

The symmetric 

infrared spec1:r<l of 

and antisymJ:!€tr'ic (\13' stretching frequencies are 'Chose observed by Calder ct 01.1. (~) in their study of 

trdpped in a krypton matrix. Other' matrix frequencies in excellent agreet:'lent with the adopted ones ha.ve 

been reported by Snelson (2). fUrther' confirmation of the adopted \1
3 

is pI"Ovid~d by observations of Bdiko'.' (~). He reported 

v
J 

" 415 ! 7 cm- l which w<!s ol)served in the infrdred spectra of Baf
2 

vdpor at 1950 K. The bending, frequency (v 2 ) is tr.at estir.:ldted 

by Ca.lder et al. C&). This '.'dlu~ is considet'ably less than that observed by Bid.ikov (,hQ) (v") :; 100 cm-1 ). However, only the high 

frequency portion of this rather broad band was recor;'ded. We have used our adopted frequen;ies in d valence bond ca.lculation with 

the result k/{k6!t 2 ) :< 11.B. This Ntio of the stI'etching to bending forer! cons't;ants upped!"!> Quite rcason<lb1e in comparison with 

those for othel' a.lkaline cdrth difluoI'ides (~). Also, our adopted frequencies give thermodyna.mic functions which show good 

compatibility with the vdpor pressure dat.i (see Heat of formation sec.tion). 

The individual moments of inertia in."'e: I
A

:; 30.600 x 10- 39 Ia = IB.1+59 x 10- 39 , anct Ie = 12.141 x 10-
39 

g ct:\2. 
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Barium Monoiodide (Sa I) 

( I dea I Gas) GFW : 264.2445 

g1b""mo'---~ lkea1lmol 

T. "K CpO S" -(O"-II"_)rr W'-H"_ &Hl' 

0 .000 .000 INFiNITE - 2~48t 9.390 
100 8.322 57.107 74.408 - 1.730 9.410 
200 8.183 63 ~ 061 67.404 .868 9.145 
2.8 8.8'96 66.593 66.593 .000 - 10.138 

300 8.897 b6~64a 66.593- .Olb - 10.146 
400 8.948 69~215 66.943 .909 - 12.561 
'00 8.979 71.215 67.604 1.805 - 18.338 

baa ~.OO2 12.854 68.H7 2.705 18.992 
100 '1.022 14.244 6'i1.093 3.606 - 19.453 
800 9 .. 039 75.449 69.813 4.509 - 20 .. 034 
900 9.0S5 76 .. 515 10.S00 5 6 413 - 20.~H5 

1000 '1.071 77.470 71.150 6.320 - 20 .. 995 

uoo 9.086 78.3B> 71 .. 765 7.228 - 23.o!tH 
1200 9 .. 100 79.12b 72.346 6 .. 131 - 24~OlO 
1300 9~ 115 79 9 855 12a8'ib 9~048 - 240519 
1400 q .. 129 SO~ 531 13.417 9 6 960 25 .. 011 
1500 Q.,14, 81.1.&2 73.913 10.873 - 25 .. 488 

1600 9.151 S1 .. 752 14.3B4 11.189 - 25.956 
1100 9.172 82.308 14.934 12.705 - 26.420 
leOO 9.196 82.832 75.264 13.623 - a.883 
1900 9~200 83.]29 75.676 14.542 - 27.353 
2000 9 .. 211. 63 .. 802 16.070 15.403 - 21 .. 535 

2100 '>1.229 84.252 7eh449 Ib.3aS 28.331 
2200 9.245 S.c..bSl T6.llL4 17.309 6.2.202 
2300 '}.2M 85.093 11. L65 18.234 - 6.2.550 
2400 9.217 85.1087 77 .. 503 19~161 - t>2.953 
2500 9,295 ij5~866 77.830 20~ 089 - b3~412 

2600 9.313 86.231 18.146 21~aZO - 63.92:7 
2700 9.333 B6. ~a:3 18.452 21.952 - 64.494 
21:100 9.35'5 S6.n) 78.149 22a886 - b5.115 
2900 9~3 78 87.251 79 .. 036 23.823 - 65.780 
3000 9.402 87.510 19.H6 24.162 - 6b.489 

3100 9.1029 tS7 .878 19.587 25.104 - bl.2Je 
3200 9 .... 57 B6.l7S 79.85l 26. b48 - bS.OiS 
3300 9.487 88 .. 470 aO.108 27.595 - b8.81Q 
3400 9.520 as.753 80.358 28.5105 - 69.641 
3~QO 9.55S 89.030 80.601 29.499 - 70.489 

3600 9.591 89.300 80.839 30.456 - 7l.342 
3700 9.630 69.563 81.072 31B417 - 72.202 
3800 9~671 89.820 (U~29S 32.382 - 73.065 
3900 9.714 90.012 81 ~ 520 33~35z - 13.927 
4000 9.760 90 .. 318 81.737 3itQ3Z5 - 74.185 

4100 9.807 90.560 81.949 35.30"- - 75.63~ 

4200 9.85b 90 .. 791 82.157 36 .. 281 - 76.478 
4300 '9.907 91.02<;1 82 ~361 37.275 17.310 
4400 q.'ibO 91.258 82'.560 38.268 - 7B.131 
4500 10.015 (H.482 82.750. 3'9.267 - HI.9).:} 

4600 10.071 91. T03 82.948 40 .. 271 - 19.733 

!o-
4700 10.128 91.nO 83.137 41$281 - 80. SUo 
4800 10.187 92.134 83.322 42.297 - 8l.Z79 

"V 4900 10.2.47 92.345 83.504 43 .. 319 - 82:~O31 

::r 5000 10.308 92.551 83.683 44.347 - 82.169 

1i SlOD 10.370 92 .. 757 83~ 859 4S~ 380 - 83.4'92 

n 5200 10.433 92~9S9 8"'.032 46~ 421 - 84.200 

:r 5100 10.496 (13.158 84.202 410461 - 810.895 

" 5400 10.560 93,,;55 81t .. 310 48 .. 520 - 85.515 

~ 
5500 10.624 93."'50 810.535 49 .. 519 - 36.242 

:III 5600 10.689 93.742 84.698 50.645 - 86.891 

~ 
5700 10.753 93 .. 931 84.8')8 51.717 - 87.539 
5800 10.818 94.11(j 85.0160 52.795 - 8B.lt.S 
5<;100 10.882 94.304 85.172 53~a80 - .:;1;9.785 

ICIl bOOO lO.94b 94.488 85~ 3260 54 .. 912 - d<J.390 

!!. 
.!2 
< June 30, 197'" 

~ 
~ 
Z 
~ 

-0 
'I 
III 

Bal 

AGf' ""'Kp 
~.390 INFlfIIl TE 

- 13.577 29.672 
- 17 .. 619 19.253 
- H.40] 15 .. 689 

- 21041.2 15~ 642 
- 25. UI 13.120 
- 27Qb9 ... 12. .. 105 

29.502 10.146 
- 310220 9.747 
- 32.859 8.971 
- 34.433 8 .. 361 
- 35.954 7 .. 858 

- 37.231 1.397 
- 38 .. 457 7.004 
- 39 .. 64Q 6 .. 6b~ 

- 40 .. 795 6 .. 367 
- 41~896 6.104 

- 42 .. 'il14 5~810 

- 44.023 5 .. 660 
- 45.045 5~469 

- Uo041 5 .. 296 
- 41 .. 014 5.137 

- 47~9bO 4.991 
- 47.651 4 .. 734 
- 4b~9a7 4 .. 465 
- 46~ 302 4 .. 216 
- 45~5<:f9 3 .. 986 

- 44.677 3.772 
- 44~ 133 3.57: 
- 43.368 3~ 385 
- 42~ 579 3.209 
- 41.16B 3.043 

- 40~931 2~ 8S6 
- 40.071 2 .. 737 
- 39 .. 184 2 .. 595 
- 38.215 2 .. 4bO 
- 37.339 2 .. 332 

- 36.360 2.209 
- 35~ 398 2~ OQl 
- 34.392 1.978 
- 33.3p2 l o 870 
- 32.313 1 .. 16S 

- 3l .. 138 1.665 
- 30.l45 1.569 
- 29.034 1.476 
- 27.901 1.386 
- 26.149 1.299 

- 2S .. 580 1.215 
- 24.396 1.134 
- 23.193 1.0S6 
- 21 .. 975 .980 
- 20.142 .907 

- 19~496 a835 
- 18.234 .1'66 
- 16.958 .6099 
- 15.668 .634 
- 14§30.8 .571 

- 13 .. 058 .510 
- 11.133 .. 450 
- 10.391 .392 

9 .. 0501 ~ 335 
7.693 .280 

BARIUM HONOIODIDE (Bar> (IDEAL GAS) Gf'W' '" 264. 2 I.!. 45 Bar 
Ground State Configuration [2I+] 

S291L15 '" 66.59 ":t 0.05 gibbs/ool 

tlHfO '" -9.39 '= 20 kcal/mo1 

ilHf2SS.15 = -10.14 1" 20 hal/mol 

Heat of Formation 

Electronic Levels and Quantum Weights 

State 

X [21:+] 

C (2IT] 

D (21:+] 

E t 2 Z+] 

I>l '" 152.2 cm-1 
e -1 

Be ::: (0.0250] em 

ti' cm-
1 

17816.3 
18568.8 

257f)ll.ll-

26753.3 

wexe '" O. 29 cm-~ 
ole ::: (O.OOOOS9) cm-

gi 

Cl::' 1 

re ::. (3.20) A 

The adopted 6Hfo ::. -9.39 :t 20 ked/mol i6 calculated frolll a DO value of 3.37 eV(77.7 )::c41/£I01) calculated by a line.ear 

Bir,ge-Sponer extX'apo1ation of \lie and wexe data (1) with a correction for "the ionic character of the lI'iOlecule i!1S described by 

Hildenbrand (.l>. Other values lor DO t in kCAl/mol. are 56 C.!> pNidicted from a correlAt:ion of binding energies of Group II 

a.nd Group III diatomic hydrides and halides l 71. 7 (.!:.) as a lower bound from .a consideration of ionic bonding forcea, and 66 

(~, derived as a lower boUnd from a. consideration of enf!rgy conservation 4J'id mea.sured reaction threshold reb.tive kinetic: 

enerrgy from crossed molecular beam expel"imnnts. DO::: 77.7 kcal/mol is adopted because the ratio of DO (Bal) IDa (Ba.I 2 ) = 0.1.17 

which is nearly the same as the ratio of 0.1+6 fOWld for a series of lBOno- and difluorides (§) i!U\d for other alkaline earth 

halide systems (§). l!.Hf 29B ::l -10.14 t 20 kcal/lllOl is calculated from the adopted aflfo :; -9.39 :t 20 kcal/mol. 

Heat Capac! ty and Entrop,' ~ 

The ground stAte vibrational constants aroe from the compilation of ROBen (1). The adopted value of r e :; 3.20 A was 

estimllted by Margrave (1) and is also the bond distance in BoI!I!2(g) (1). Be is calculated from the adopted rei a e is cAl

culated 4815uming a Horse potential function. 
The electronic levels and their probable designation are those given by Rosen (1). 
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Barium Oi iodide (BaI
2

) Bal 2 
(Crysta I ) GF~I = 391. 1490 

glbbsl ... I---~ !teal/mo) 

T,"K CpO so .. _ -«(;;o-Wa8}rr ""-WIN 6ftI"' 6Gf"' l.<>gKp 
0 ~aoo *000 I"'FINI TE - 4~ 596 - 144~490 - 144 .. 490 INF iN HE 

100 16.480 20.210 '55 ~530 - 36532 - 144.561 - 144 6 309 315 .. 388 

200 17 .. 980 32.2LO 41.175 - l~ 793 - 144.608 - 144~O42 157 ~402 

298 18.520 39.470 39 .. 410 .000 - 144.700 - 143.740 105 .. 364 

300 lS~ 530 39 .. 585 39 .. 410 .. 034 - 144.702 - 14LH3 104.110 
400 19.010 44.981 40.203 1.911 - 148.719 - 143 .. 254 78 .. 271 

500 19.490 49 .. 275 41.602 3.636 - 15"9.2,29 - 140.695 61.585 

<>00 19.960 . 52.870 43.19B 5.609 - 15<h258 - 137 .. 223 49.984 

100 20.440 55 .. 983 "4.199 7 .. 829 - 159.049 - 133.570 41.702 

800 20.920 58.143 46. HZ 9 .. 8'H - 158 .. 916 - 12.9 .. 936 35 .. 491 
_ 2Q9 _____ .U_"_I·!.P_O _____ <l ~., 22. ____ 4}_,&B3. _____ 1,?~9J.L ___ -__ l,..5_1! ~~~! ___ : _ !..?!'..!' }_2_9 ______ ."! Q'!.~! 1 
1000 21.880 63.514 "'9~338 14 .. 176 - 158.313 - t2Z .. 757 26 .. SZS 

1100 22.375 65.623 SOc 724 16~ 3a9 - 159.941 - 119 .. 023 23 .. 648 

1200 22 0 8b2 67.591 52 ~04a 18 .. 651 - 1590578 - 115 .. 319 21 .. 002 

1300 23.340 69 ....... 0 53~ 315 20 .. 961 - 159.143 - 111 .. 6Itl 18 .. 770 

1400 23.809 11.186 540 $30 230319 - 1,8.645 - 108 0 012 16 .. 861 

1'500 2 ..... 27') 12.845 55 .. 696 25 0 723 - 158 .. 08e - 104 .. 415 15 .. 213 

June 30, 1974 

BARIUM DUODID£ (BaI
2

) 

5 298 ,15 ::: 39;!47 1.: 0.1 gibbs/mol 

Till ::: 9Sq :!': 2 K 

Heat of Formation 

(CRYSTAL) GFW ::: 391.1490 BaI2 
tlHfO ::: -144.5 't 0.8 kcal/mol 

CiHfi98.1S ::: -1114.7 1.: 0.8 kcal/mol 

l:.HIIl* ::: 6,34 :t 0.13 kcal/mol 

l:.HS 29 !L1S 72.3 ked/mol 

Ehrlich, Peik, and Koch (]) derived lIHf29S CBa1 2 , c} ::: -11-14.7 !: 0.4 kcal/mol from heat of solution measurements of Ba(c) 

and BaI
2

(c) in 0.1 N HI. An auxiliary HI heat of solution value, -13.22 kcal/:rcl, calcula'ted from data in reference c..v was 

used in the derivation. This auxiliary value will be changed by incorporation of the accepted CODATA key value of tHlf29S CI-, 

aq. std. state) ;:; -13.60 kcal/mol Cl) in the l:.Hf
29S

(HI, aq solution) table, so tha"t the above derived heat of formatiOn of 

BaI 2 (c) will be approximately -145.1 ked/mol. 

Combining 6Hf
298

(a.,.+2, aq~ std. state) ::: -128.5 kcalimol l selected by Parker (!!:.), with the CODATA value for C(l!.q, std. 

state) <.~) gives lI.Hf
29S

(BaI
2

, aq, std. state) :: -lS5.7 kcal/mol. Further combination with the heat of solu"tion, -10.98 

kcal/mol c,~. 1J), gives llHf 29S (BaI 2 , c) ;:; _144.7 kcal/mol. This heat of solution value was based on several sets of data, 

one of which was that of Ehrlich et aL (1. g). 
We adopt _ltl4.7 1: 0.8 kcal/mol because of the correlation of tlHf

298
(Ba +2, aq. std. state) wi th t.~e evaluation of data 

for several barium compounds (~). S@e also the updated discussion i!l the heat of formation section for BaO (c) (g). 

Heat Capacity and Entropy 

Cp· (13.08 - 300.17 K) has been measured by Paukov. Khriplovich. and Smirnova (~). OUI" T3 eX"trapolatiorl agrees with 

their Si3 :: 0.619 ·gibbs/ITOl and Hi3 - HO ::: 6.01 cal/mol, and our smoothing and integration of their C-p da't;1 agrees with their 

Si98 ::: 39.47 1: 0.1 gibhs/mol .... hich is adopted. 

The low-temperature heat capacities join smoothly with a. linear extrapolation from CP298 ::: 19.52 gibbs/mol to Dworkin 

and Bredig's reported Cp of a.s gibbs/mol at the adopted TID. of 98:4 K (J). This gives Hggij-H298 = 13.83 kca1/mol, :in fair 

agreement with Dworkin and Bredig's .d:COp calorimeter' value of 13.9 kC.!Il/mol (1), 

Mel'ting Data 

Dworkin .and Bredig (1) report: IlHm" :: 6.3~ )::cli1/mol (t21;) at Tm of 984 J( from drop calot"imetrYi Emons and Loeffelholz <.~) 

found 6.050 kcal/mol (.t 5\) at a reported Tm of 981 K by high temperature cryoscopy. Hutchison {i> determined Tl!l t:o be 

983 K, wh:Ue Kubaschewski et ill. (lQ) list@d 985 K. We adopt: .oHm- :: 6.3!.! .t 0.13 kCl'll/mol a.l1d Tm ::: SSIf !: 2-K. 

Heat of Sublimation 

ClHs
299 

is derived as the difference between the heAts of formation of ideal gas and the crystal st.!.tes at 298.15 K. 
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Barium Diiodide (8aI
2

) Bal 2 
(L i qu i d) GFW ~ 391. 1490 

~---gibbs/mol---_ ~----.kcal/mol---_ 

T.OK CpC so. -(G~-w_.}rI H"-H" .. .>Hr &G" Log Kp 
o 

100 
200 

'"' 
300 
400 
500 

lB.5l0 

1!1,530 
l'J~ 010 
1<J. t.90 

43. S98 

"''''.013 
49.40'1 
53.703 

bOO 1".9t.>O 5L2~S 

700 27.'JOO 60.411 
800 27.J00 M·.QH. 
900 27.000 67.196 

(0-00- ---:27~OO()----YO.-04C-

1100 
1200 
1300 
1400 
1500 

1600 
1100 
1800 
1900 
2000 

27.000 
2 r.000 
27.'.)()O 
21.000 
27.000 

27. OVO 
2 r.JOJ 
27.0QG 
2' .JOO 
27.000 

72~614 

14.964 
17& 125 
79.126 
80."'89 

B2.131 
B4.36:::1 
95.911 
87.371 
88.756 

43 ~ 59.:!. 

43.1399 
4ft.all 
46.J30 

.000 

.034 
l~ 911 
3.836 

- 140.029 

- 140.0::n 
- 144.048 
- 1 ~4. S58 

- 140.390 

- 1400391 
- l~O. 355 
- 136~438 

l02.90S 

102.275 
7b.bab 
60.511 

47.611 5~809 - 154.SSB - 135~210 49.250 
49.227 1~829 - 15,.~37'9 - 131..999 41.212 
50.855 lO.52<J - 153.614 - 128.8,)Z 35.2:01 

-~f: 11 ~------i-} :-~~~ ---: -{~{-:-!{-~ ---:: -H~: ~~g- -- -- {-~-:-}}~ 

55~ 619 
57.190 
58.641 
60 .. 03'+ 
61. .369 

62.651 
63.880 
65.062 
6b.l9B 
61 .. 292 

18.629 
21.329 
24.029 
26.72<J 
29.42<J 

32.129 
14.829 
37.529 
40.229 
42.929 

- 153.GB 
- 152.230 
- 151.40S 
- 150.565 
- 149.712 

- 14B.852 
- L41.490 
- 147.130 
- 146.279 
- 145.4101 

- 119.804 
11b.818 

- 113.'900 
- l11.046 
- 106.255 

105.517 
- lOl.a3b 

100.Z04 
- '91.621 
- 95.084 

23.803 
21.215 
19~h8 
11&33;5 
15.713 

l't .. "13 
13.220 
12.166 

2100 21.000 90.073 68 .. 345 45.(>29 - 144.(>20 - 92.564 9~635 
2200 27.uJO 91.329 69.,62 48.329 - 1115176 - 88~900 8~ S.H 
2300 27.000 92.530 70.-'43 st.02? - l105211 - 64.908 e~06S 
2406-----2-'-.-0-00-- ---93: ~79----7Y.-{9i-- ---53 :729- ~ :.- -(f 5".-j 04-- -: - - 80:"9-58- -- --- -7: j 12 
2500 21.000 94.7al 72.209 56.429 - 17't.45'5 - 17~045 6.135 

2600 
2700 
2800 

27~OOO 

;:> 7.JOe: 
2 r.00C 

95.840 
96.859 
97 ~ 641 

73.098 
73.959 
74c 795 

59 a 129 - 173~664 - 73.165 t>~ 150 
5.610 
5.112 

61.S2:9 112.929 - 69.313 
b4~529 - 172~249 - &5,481 

June 30, 1971{ 

BARIUM DIIODIDE (BaI
2

) 

S29a.lS :: 43.898 gibbs/mol 

Tm :: 9811 :!: 2 K 

Tb = 23l.iO K 

Heat of Formation 

(LIQUID) GFW -.: 391.1490 Bal
2 

4Hti98.1S = -140.029 kcal/fDOl 

.tr.Hm- 6.34:t 0.13 kcal/rro1 

.tr.liv* ;: 1t3. as kcal/rnol 

AHf29B(BaI2t t) ;: -11.J0.029 "kcal/mol is obtained from the sum of the heat of formation of the crystal, the heat of 

mel tins, and the entha.lpy difference of the crystAl and the liquid betwee.n the melting point and 298.15 K . 

Hut Capacity and Entropy 

The liquid heat capacity near the melting point, 27.0 gibbs/mol, W4S1 determined by Dworkin and Bredig <'V from drop 

calorimetric measurements. This value is .adopted ana aS2IIwned constant over a 700-2600 K r41lge. A glass transition is assumed 

at 700 K below which the heat capacity is that of t:he crystal. 

S29S(BaI z , t) = 1.13.898 gibbs/mol is calCUlated from the crystal entropy in a manner sill'lilar to the ht!oat of formation 

calCUlation. 

Vaporization Data 

The temperature a.t which IlGr 5 
;: 0 for the reaction BaI2 (.t) :: BaI 2 (g} is 23~O K, the a.dopted Th. Peterson and Hutcllison 

<'V have extrapolated Knudsen effusion cell measurements in the 1154-1301 K range to obtain a normal boiling point of 2300 K. 

~Hv" = 43. aa kcal/lIIOl iB the calculated difference between the heats of fOl'l!ll.!tion of the ideal gas and the liquid at Tb. 

See BaI 2 (g) table for det4ils. 

Reference& 
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Bar i um 0 i i od ide (Ba 12 ) 

(Ideal Gas) GFW ~ 391.1490 

~---lPbI>cI ... I---·-- ____ lma~_-----

T.'K 
o 

100 
zoo 
.. 8 

300 
400 
'00 

600 
700 
.00 
900 

1000 

llOO 
120C 
1300 
HOO 
1500 

1600 
1700 
1800 
1900 
.2000 

CpO 
.000 

lZ.Qoj 
13 .. 533 
13 .. 134 

13.736 
13.till 
13s84b 

11.(10.6 
13.877 
13.885 
13.890 
U.894 

l'.d97 
13.699 
11.901 
1 '\.902 
13 .. 9:)3 

13.904 
13.905 
13.905 
13.'106 
1.1.90b 

S"' -(GO-lI"' ... )(T 11"'-11"'_ 
.000 

bB.604 
71c132 
83~ LSO 

83.265 
iH~228 
90~ 314 

92.841 
94.919 
96.632 
98.468 
99.932 

101 .. 256 
102.46b 
l03.~Hd 

104.60S 
105.567 

106 ... 65 
101. 30S 
108.103 
108.8~)4 

L09.566 

INFINI fe 
95.221 
64.431 
83 .. 180 

SLUO 
83.120 
84~ 14Z 

as.dB7 
67.037 
68 .. 1lt6 
89 .. l06 
90.201 

91.152 
92.045 
92.6"0 
93 .. 691 
91, .. 451 

95.17'0 
95.6b3 
96~ 521 
97.1S1 
97.754 

- 3.741 
- Z s bb2 
- 1. 340 

.000 

.. 02'5 
1.403 
2.166-

4.1 TZ 
5.559 
6.947 
6.336 
fl .. US 

11.115 
12.505 
B.B95 
15.285 
16.675 

18.065 
19.456 
lO.64b 
22.237 
23.627 

!>fI1' 
- 71.335 
- 11.3'>11 
- 71.85'5 
- 72 .. 400 

- 72.411 
- 76.921 
- 61.919 

- tld.S9S 
- 89.019 
- 1;9 .. 500 
- 90.014 
- 90.464 

- 92 .. 915 
- 93."24 
- 93.909 
- 'lIh379 
- 94.836 

- 95.2ij6 
- q5~ 1H 
- 96~ 1e3 
- 96.641 
- 91.113 

~Gf' 
- 71 .. 335 
- 1;.978 
- 80.193 
- 84e472 

- 84.546 
- 88.361 
- 90 .. 1.04 

- 90.S43 
- 90.837 
- <i'1.O~7 
- 91 .. 216 
- 91.325 

- 91 .. 194 
- 91.015 
- 90.794 
- 90.536 
- QO.2Itl 

- a9.925 
- 89~ 517 
- 89.202' 
- 88. SOl 
- 88.379 

6al 2 

Lct!Kp 
INFINHE 
166 .. 051 

87 .. 850 
61.920 

bl.592 
48.278 
39.411 

32.980 
28.360 
24.876 
22.150 
19.959 

ltJ .. 1l9 
If ... 576 
15.204 
14.133 
13 .. 149 

12.283 
11.516 
10.831 
10 .. 21't 
9.658 

2100 13.906 110~l46 98.333 25.018 - "17.601 - 87.928 9~151 
2200 1" .• 907 110~a93 <;IS.S89 26.409 - lH.406 - 80&.231 a~5b6 
nQ2 ____ J)_.~I_ .. F ____ n!.!~!! ___ -JJ_·_~2_"!.. _____ f!.:n.? ___ :_X~_t·)H.!. ___ : __ §!!.!J.!J!> _______ h~~~ 
240(' 13.9v7 HZoIO) 99.9:.1 Z9.190 - 132.213 - 82.085 7 .. 475 
ZSOO 11.908 112.b71 100.438 30.581 - 132.613 - 79.988 6.993 

2600 
2700 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

3bOO 
:-'100 
3800 
3900 
4000 

4100 
4200 
.. 300 
4400 
4S00 

.,bOO 
4700 
4800 
.. 900 
5000 

5100 
5200 
5300 
~400 

5500 

'5600 
'5100 
5aOO 
5900 
6000 

l3.9"J8 
13.9()8 
13.908 
13.908 
13.9J8 

13,9!jti 
n.909 
13 ~q,)<iI 
l~. ~09 

1 J~909 

13.<;0'>' 
1.3.90<;' 
11.909 
13.'ilQ9 
13.1,10<") 

l~.<jIO':ll 

13 .909 
13.90-9 
13.C;09 
1 j.c;09 

! 3~909 
U.909 
13.Y09 
~3 .<)09 
13. 'il 0 

13.910 
13.910 
13.910 
D.910 
11.910 

i 3.910 
13,91,) 
13.910 
1}.91J 
13o'">l,) 

lll.lib 
111.741 
114~247 

ti 4. 13S 
115 .. 207 

115~bb3 
1 i6~ 1 04 
116.532 
116.947 
117~ 351 

117~ 7 .. 2 
IUlo12-1t 
118.1,.94-
lU.d56 
11'1.208 

119.551 
119.a87 
120.,zl4 
t20 .. 534 
120.8"6 

121 ~ 152 
121.451 
121.744 
lll.031 
122.312 

122.S87 
122.551 
123 .. 122 
1236382 
123.637 

1.(3.665 
124.1}4 
1,zlo-.316 
ll4.611o-
12 .... 8413 

100.919 
101.385 
101 .. 335 
102 .. 272 
102.b95 

103. L06 
1 Q3.505 
103.89" 
10"," .. 271 
101o~b39 

10 ..... 998 
105.548 
105.66Q 
lOb.022 
106.347 

lOb.bbS 
10b~976 
107.280 
t01 .. :;I77 
107 ~36q 

108 .. 154 
lOe~(d,," 

108.708 
106 .. 977 
109.241 

109.500 
10q~ 754 
llO~OO" 
110.249 
110.490 

110 .. 7?7 
110.961 
11l~190 

Ul~"l5 
III ~b37 

31.972 
13.362 
34~ 753 
3b6144 
31.535 

38.926 
40.317 
.... 1~ 707 
43~09a 

44~U9 

105.880 
10 7~ 271 
106.662 
50~ 05) 
51.444 

5l~ 835 
54.225 
55.610 
57.001 
'58.398 

596 789 
61.180 
62 ~ 571 
6)~962 

65.353 

06.144 
b3.135 
69.520 
70.917 
72 .. 308 

73.699 
75.090 
76.461 
17.872 
19.263 

June 30, 1971$ 

- 1310191 
- 133.7b6 
- 134.395 
- 135.072 
- 135~19b 

- 136.56l 
- D7.361 
- 136.192 
- U'J.048 
- U9.9Z3 

- 140.813 
- 1-'016715 
- I-lt2.62"t 
- 1436537 
- 144.451 

- 145.363 
- 146 • .2710 
- 1lf.1.179 
- 146a 078 
- 1108.911 

- 149.85b 
- 150.733 
- 1~1 ~603 

- 15Z.465 
- 153.320 

- 154.166 
- 155.006 
- 155.638 
- 156.663 
- 151.48Z 

- 158.296 
- 159.10:'-
- 159.906-
- 160.103 
- Ibi.495 

- 77.671 
- 75~732 
- 13.571 
- 71.386 
- 69~ laO 

- b6.9-1tb 
- 64.686 
- 62.403 
- ()O~095 

- 57~75a 

- 55~399 
- 53~016 
- 50.bOI) 
- 48.171 
- 4'5~1l7 

- ",3.234 
- ... O~ 731 
- 38~lll 

- 35.666 
- 33.09~ 

- 30.513 
- 27~913 
- 25.286 
- 22.641 
- 19.9G10 

- 17.317 
- 14.626 
- 11.917 

9.190 
6.4S" 

3.705 
.93~ 

I.S48 -
4.642 -
7 ~454 -

6.546 
b.130 
5.742 
5.380 
5.040 

4.720 
4.418 
4.133 
3 .. 863 
3.607 

3.363 
3.Dl 
2 .. 910 
2 .. 699 
2.498 

2 ~305 
2.119 
1.942 
1 .. 172 
1 .. 608 

1 .. 450 
1.2.98 
loOlSl 
1.010 

~ 874 

.. 142 
.. 615 
~491 

• H2 
.Z5b 

.. l4i5 
• 036 
.070 
.172 
~21l 

(IOCAL GAS) GFW III 391.1"90 Bal 2 BARIUM DIIODIDE (B&1 2 ) 

Point Group ;: C2v 
8 298 •

15 
= [83.18 ;t 2.0) gibbe/mol 

Ground State Quantum Weight:: [1 J 

61ifO ;; -11.3 :t 4 kC41111101 

AHt29B •
15 

'= -72.4 :t II keal/mol 

Heat of Formation 

Vibrational Frequencies. and Degeneracies 

·1 
00, em 

Dlll (1) 

[26] (1) 

[lasl (1) 

Bond Distance: Sa-I:: 3.20 t 0.03 A Bond Angle: I-Ba-I = [170*] 

P1'Oduct of Momenta of Inertia: IAIBIe:: 2.1167 x 10-112 g3 emS 

.2 

Winchell <,l) has reported AH. lbG, and as for the vaporiution of BaI 2 (') at 11S0 K deri .... d from a IHSS apectI"'OlIMtric 

Knudaen effulllion cell investigation (28 unpublished points in the range of 1019-'1278 10. The spectra showed no evidence of 

Ba.1 2 polymersj also it was concluded that BaIZe,) e:: 841
2

(8) is the important vaporiz.a.tion. Peterson and Hutehhon (11 .P 
used 4 weight loss Knudsen effusion technique to observe vapor pressures at 15 temperat"U.t'l!B in the range of 1151.1-1301 K. 

Their heat of vaporization, S3.6 1'1.3 kcal/mole l is in good agreement with Winchell's value, Sit 1: II kcal/mol. 

Our second and third law a.na.lyses of these data follow. 

InvastiKMQ.1:' 

Winchell (J) 

Peterson and Hutchison (1) 

No. of 

Points 

3' 

1." 

Temp. 

~ 

1019--1278 

1154-1301 

.o.H"'298' keel/mol 
2ndl..a.w ~ 

62.16 

61.f.35 

:!: 1.5 

68.07 

67.61 

~ 0.5 

iillG calculated at 1019 K and 1278 K from 68, fiG, and liS values 
given at USO K to permit use of 2nd law. 

bOne point rejected by statistical tests. 

Drift 
gibbs/ 
~ 

5.1 

2.' 
!: 1.'2 

We select liHV 298 >:: 67.5 !: 3 kcal/mol and combine this with 6H1'2:980) ;: -1IiO.029 .:r: 0.9 kcallmol to give the adopted AHf290 (g) 

-= -72." :I: Ii kcal/mo1. 

Heat Capacity and Entropy 

The bond distance I a.s determined from an electron diffraction 8otudy. is taken froll! the work of Akishin at ,Ill. (!!) who 

also judged the bond angle to be 180 :!: 20". The later electric deflection study of Buechler et: al. (,2.) showed that aJ.l of 

'the bariUJII dihalide molecules are bent. Noting the trend in the magnitude of the bond angle in the alkaline earth-halide 

series, we have a88wned a. bond anglft of 170", The individual moments of inertia are: I A : 1t2.9141 x 10- 3B , IS = 42.526 x 

10-3B, and Ie'" 1.1510 )( 10- 39 g cm2 • 

In estimating the vibrational freq~nci8l!l j the stretching force constants for gaseous Bar t Ba.F 2: BaCl, and Ba.C:l2 61"'tl1 

calculated from their vibrational frequencies C§), using the v&.lence torce model. The tNnd in the ratio kCmonohalide)/k l 
(dihalide) indicates that IdBal)/k l (BaI2:) :: 1 is a reasonable approxirna.tion, an approximation used by BreveI' et &1. Cl). The 

stretching torce constant for SaI<g) is calculated from the ground state vibrational frequency given by Roeen (!). The 

bending force constant is &$sUlIIftd to be 0.01 times the stretching force constant (1). The adophd vibrational frequencies 

are calculated from these estimated force constanta. Other estimates for "1' "'2' and \1 3 ' where 8, line.ar molecule was lUlI8\Ui1111d, 

are 109 I 26, 181f (1) and 106, 37, 178 (j!r. 

We Assign an uncertainty of %2 gibbs/mol to the entropy to allow for error in the estimation of bond angle and of the 

vibrational frequencies. 

RefeNnces 

1. P. Winchell. Nature 206, 12S2 (1£1&5). 

2. J. r. Hutchison, U.S. At. Energy COmIn. 15-T-50, 1965. 

3. D. T. Peterson and J. F. Hutchison, J. Cham. Eng. Data.il, 320 (1970). 

Ii. P. A. Akishin, V. P. Spiridonov. G. A. Sobolev, lUld V. A. Naumov, Zhul'. fiz. !(him. ~, sa (195-a) . 

5. A. Buechler, J. L. Stauffer, and W. KlempeI'E:r, J. Aller. Chiem. Soc. li. 1./.5 It 1+ (191514-) . 

6. JANAF Thermochemical Tables: BaF(S;), Ba.F 2 (g}. BaCH g) , and SaC12 (g) , 12-31-72-

? L. Brewer, G. R. Somayaju.lu, and E. Brackett, Chem.. R~v. !A, 111 (19&3) . 

8. B. Rosen, Ed., "Spectroscopic Da.ta Relative to Diatomic Molecules," PergaJ:llC!n Prees, New Yo:rk., 1910 • 

9. K. S. Xrasnov and V. 1. Sve.ttsov, Izv. VYSShikh Uchebn. Zavedenii. l<him. i Khim. TeKhnol. ,§.. 167 (1963). 
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! O. ~, .'::cell/mol 

-1::'1.0 v,S kcal/mol 

lFS~98.15 = 101.1. ! 2 kCdlltnol 

of 

'J-

CJ) 

'nlis 

,,,,certainty of 

.;!,q) 0.5 

0.021 ked !r.lol 

CpQ Ja ta (56-
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,l.':cptcd (fir'3t 

'J,S. ~T=.rl. Bur. Std. Fept. 

: Dokl. CidUk 

Inc.:. 1;0, i:ll 

'010 

.... 
J> 
Z 
J> 
-n 
...... 
::c 
m 
;Ia 

3: o 
n 
::c 
m 
3: 
n 
J> ,.... 
...... 
J> 
CIIlI .... 
m 
c.n 

..0 ..... 
VI 

c.n 
c:: 
"1:1 
"1:1 .... 
m 
3: m 
Z ...... 

c:.:I ..... 



!
.... 
::r 
';i 
n 
:r 
<D 

? 
'" ~ 
o c 
ji 
< 
~ 

_.f>. 

Z 
? 

-0 ..... .... 

Barium Oxide (BaD) 

(Liquid) GFVI 153.3394 

T, "K 
J 

!CC 
200 
2>. 
30e 
400 
~oo 

,oe 
70G 
800 
900 

1000 

1100 

1400 
1500 

loGe 
;'100 
ld0G 
1900 
2000 

2100 

2400 
25,)0 

2600 
7.100 

glbbsjmol --_ kcalJll1(1I----~ 

Cp<> S~ -(Go-H~~l$)rr W'-H°H>8 AHf" "GO"' 

I!.. :'OJ 23.077 23.u77 • 000 - 117.502 . - I U.625 

11. :ilZ 23.147 23.077 • 021 - llT./d~ - 112.594 
no 20.489 Lj.52l.1 i.184 - tl 7.413 - 110.975 

'71 29.2Ui 24.40G 2.400 - Ii 7./~ 75 - 109.362 

12. 31.'.tI'1 2:0.1'16 1.653 - 1!7 .102 107. 716 
?-3. 1.'2 26.4 L 1 4.942 - 117.716 - 106.051 

U.242 35.22'. 21.'-0::' b.l55 - 117.831 - lO4~317 

13. ,,')9 36. -('Jc> 2b.ic.3 7.,,90 - 117.842 - 102.693 
13.000 38.224 29.?H 8.946 - 111.833 - 101.011 

I l. 8'50 ]<.).'.>3:- 30.152 10.321 - 119.811 - 9'i.133 

40.74e 30.985 11.715 - 119.831 - 91.752 

'01.578 31./80 13.127 - 119.814 - 95.371 

I" ~ 3 79 42.9J8 320540 14.557 - 119.7b4 - ? 3 ~ 493 
14.54.;) 43.9J~ 330207 16.003 - 11<,1,687 - 91.619 

14. (i4 44. dJO 33.963 17.466 - .IH.589 - 09.751 
If:..OQ<J l.,S.850 34 .~34 19.006 119.352 - a·'.ti93 
10.0:)0 <06.164 35.lB3 20.666 - 119.119 - 86.049 

1.7.62'1 3').'110 22.266 U8.t'l'J7 - 84.218 

',::1.450 36.'Jl"f 23.666 - 118.689 - 82.400 

l<>.I),)J 49.2)1 37.104 25.'166 - 118.4':19 - 130.589 
!I).:JCC ','i.975 37.6'12 27.066 - 151.668 - 7L562 

-- i"6:(io-o-----so:6"a6 ----3[1:-.rZ-z--- --g:-b6b---:'-Y5Y.-3-5-i ---=--74~200-

16.J0J ':>!- 167 38.156 30.266 - 151.0d6 - 10.851 
1&. :)C:.J 52.020 39.274 31.866 15J.o14 61.513 

16.000 SZ.b .. e 39.776 33.466 - 150~ 721 - 64.181 

16. )1.J'J 5).252 40.264 3~~ 066 - 15J.625 - 60.6~4 

16.0C0 53~ Ij J] 40.73S 36.666 - l'J\).!'>86 - 57.531 

lo.COJ 54.3'15 41.200 38.266 - 150.596 54.206 

16.0(,1.) ';,)4.937 .. 1.049 39.866 - 150.b~3 - 50.tl82 

In.0JO 55.462' 42.0t!6 41."66 - 15J.75"\ - 47.555 

16.0J() 55. <.)7u '-2.512 43.066 - 150.tlS9 - 44 .. 224 

BaD 

Log Kp 

8285'50 

62.02') 
60.634 
47.tlO2 

39.23:' 
33.111 
288'515 
2:4.931 
22.076 

l.9.696 
t 7. 712 
16.033 
14.~95 
13.)49 

r 2~259 
11.299 
lO.44t1 
9.607 
9.00"1-

B.387 
7.705 

-i .-051 
&.452 
5.902 

5.395 
4.926 
4.490 
4.0S5 
3.707 

3.353 
3.020 

31:10 
320C 
33L)(j 

3406-
3500 

li'_.Y.!J_ll ____ ~t:.! ":.~f:: ____ ~L·_9_2J _ ____ ~~!.~!?2 ___ :- J}J_.-,? .. ~~ ___ : __ ~Q:lIE.!1 _______ Z~I~~ 
!6.JiJJ 56.<)'40 430HZ 46.266 1::il.2'.a - 37.548 2.414 

3600 
37()0 
380u 
]900 
4000 

4300 
4',00 
450G 

4600 
470G 

5000 

l".JQC 

1<>0000 
10.000 
16.000 
16.000 
Lb .OQO 

16.0'JO 
lo.u'J'J 
16.C')0 

u ... OOJ 

57.40 .. 

':>7.854 
':>8.,,93 
511.720 
59.13> 
59.'.>40 

')"~ ~ 35 
6J. )21 
60.0"" 
61.065 
1'.1.425 

61.776 
62.121 
02.457 
62.787 
63.111 

43.728 41.1366 - 151.461 

44.114 4<1.466 - 1':d.MI9 
44.491 5l.. C66 151.930 
44.860 ')2.666 - 152.17-.l 
45.2?1 54.20t> - 152.43i 
45.5/4 '55.866 - 1 'J2~ c85 

45.91"1 '57.466 - 152.937 
46.257 59.066 - l53.187 
4.().589 60.tl66 - 153.432 
4/)..914 62.":60 - 153.670 
47.,D2 63.86b - 15l.903 

47.5'.5 65.466 - 1 ~4.127 
41.li51 (;. 7.066 - 154.344 
46.152 68.060 - 154.;';'3 
..... d.4'tl 10.266 - 154,75) 
.;.e.737 1 L.866 - 1:'4.<)46 

Dec. 31, 1972; June 30, 1974 

- 34.201. 2 ~ 1 36 

- 30.846 
- 27.4-86 
- 24.120 
- 20.741 
- 11 ~ 3bB 

- 13.<;81 .145 
- 10.589 .551 

7.1.90 .3b5 
3.787 .188 

.318 .018 

3.038 - .l'.t, 
6.456 - .300 
9.881 .450 

13.306 - .593 
loo /37 - .132 

BARIUI1 onDE (BaO) 

S29a.1S ::: [23 .. 0?7J gibbs/mol 

1m '" 228S :!: 15 K 

Tb '" l 336U.6] K 

Hedt or j"orma'tion 

(LIQUID) GFW :: 153.3391+ BaD 
uHf29B .. 15 ::: [-1l7.502J kcal/mol 

L'lRma :: [14J x:ci'll/ool 

uHv~ :: (70. 7lJ kca1/mol 

i"He is calculated from that of the cr'Ystal by additiaD of 6Hme and the difference in CH2Z8S-H298) betWeen c!'ystal and 

liquid. 

Hea.t Capacity dnd Entropy' 

Cpo of the liquid is estimated as 8 gibbs/g-atoJ.l by comparison wi'th o'ther oxides. Cp" is t(1Ken from the crys't<il in 'the 

range 298 K up to the glass transition assu.med at 1600 K. S~ is calCulated in a manner analogous to [\Hf~. 

Mel ring Data 

foex (~) obtained TIll :: 2010*C from a sola.r-fuI'na.ce study uEing BaO as its ow:'). container. We adopt this result but 

increaEe it by 3 e for conversion to IPTS-6S. foex showed that the m'.lch lower 'fd1ue (l91S'"C) of Schumacher (1, 1) proba.bly 

result:ed from ccmtaraination by W0
3 

from 'tW1gsten supports of the sample. 1H1m~ is es'timated such that ll.Sro.- is 5 gibbs/mole. 

Vaporization D<lta 

Unlike the o'ther alkaline-earth oxid,zs, BaO(d vaporizes mainly 1.0 EaOCg) with 'traces of B.a 20 2 anj Ba 20. Hass-Iipc.ct!"o

metric studies (.!!:) sugge6t th.:::t decomposition to l:!a(g) and O(g) is not a ffi::o.jor contributor even though the observed intensities 

of Hai- are almost comparable wiTh those of BaO+. Tb is the calculated T dt: which c.GpQ :; 0 for BaO(c) :: Bi:l.O(g); ""Hv~ is th4::< 

corresponding cliffe!'ence in lIHr. 

R~f"'~D~'§' 

L l'i. Foex, Solu!' EncI'gy i, 61 (19ES). 

2. E. £. Schumacher, J. Amer. Chern. Soc. ~, 39& (inS). 

3. S. J. Schneider', U.S .. Ndt:l. Bur. S'td. Monograph 68, 1963. 

4 .. JJ\NAF 'fherroochemica1 fable: BaO(g) 6-30-74. 
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Barium Oxide (BaD) 

( r dAa I 

T,"K 

" 100 
.2UO 
2',10 

31)0 
400 
:'00 

dOD 
'l'JO 

L000 

L LOO 

1600 
1700 
1800 
1900 
2000 

2300 
2400 
2500 

2600 

2')00 
3000 

3500 

36UO 
3700 
3800 
3'100 
4000 

<olOO 
t·200 
4300 
'.400 
4500 

4800 
4900 
')GOO 

5U)O 

')400 
~500 

56::)(.1 

5700 

600U 

Cas) GF'li 153.3394 

-----Jtib~/l1tol---_ 

ell" So -{G~-H":lljs)rr 

-----~k(al/mol--~--

W-Ir'Z9~ I1Hf 6.(;f' 
•• 10J - 2.1'.>4 29.065 

1,.<';0e) 

7. S46 
(.20'1 

!.G71 

,\.601 
"J.h-j,J 

l.lt,6 
1.816 

/l.A:;') 

1.Rd<; 

.1.'IlO 
~l • ') 31 
:1.':150 
d. ')6'1 

<1.-1135 
').~:J' 

).')2':> 

J.29 
'J. Jl, 

". .;. ,. ~ 
'J. I." 

',.57'> 

i.S.12 1• 

1,).)1.>1 

10.1,29 

1 l.b64 

1· ... 112 

14.560 
1'). ~)r') 5 
j·,.44?' 
1·,.61.>:: 
II,.? 70 

16.6:;4 
17.JIZ 
Jr. 

1.140 
"!. :1~; CJ 

».'J02 
J. 6~ 1 
'J.In 

10.790 
1:.1.324 
1:!.tlZf.l 
1'\.806 
1 ti. 759 

"d;..ZI.9 

~~. 2<} 7 

(,L .034 
63. ~6 7 
64. ::')4 
,~5. 51J9 
f,f>.500 

1:>7.v.e, 
68.120 
6S.834 
6?4"Jl 
70.115 

70. 6 '1~. 
.( 1 • 2 ~9 
71.754 

r08 

73.152 
(3,.578 
73.9f1S 
14~ 304 
74.767 

7'>.1 1.0 
75.505 
75 ~ 1;)62 
(p.213 
76.560 

76.904 

7 8~ 61 3 
l!'I.'l')i.l 
19. )04 
79.6'>4 
80.005 

BO.3':i<,l 
80.715 

01.795 

62.150 
eZ.'i19 

83.600 

83.Q'57 
Sf,. 

35.690 

8~.672 

86.98tl 

':>6.249 

56.2'.9 

'J7.ll51 
'::>8.546 
59~123 

61. J 74 
6l.630 

63.U4 

61.589 
6<' .J23 
64.438 
04. ~ 36 
6S.21d 

65.586 
65.',139 
66.260 
66 ~610 
66.929 

61.237 
67.5H 
67.d28 
bS.! II 
68.387 

68~656 

69.'no 
70. t60 
70.396 
70.629 
IJ.a'.i9 

7 ! ~ OilS 
710311 
il.'5)4 
710155 
71 ~';74 

n.191 

71.2')1 
73.466 
l3.674 
73. Bal 
74.GS&' 

74.2'/0 
74~ 493 

75.09 4 

J\lne 

1.4')9 
.747 
.000 

112 - 31 ~06ti 
,q.30-' - 32.920 

- 29.600 34 ~b 1 J 

.01'; 29.604 - 34~6t .... 

.fl21 20.015 - )6~21:l1 

1~656 30.317 - 31.843 

2.'310 30.<J46 - 3'l~287 

3. 375 )1 - 40.646 
4.248 - 31 - 41~930 

'>e 126 - 43.150 
6.011 44.319 

6.t!98 - 35.333 
7. 7 <HI 35.tlS7 
1:1.680 - 36. )<;9 
9.575 - 36. e.:.':> ,,[ a 1')0 

10.410 - ~7.319 - 489519 

11.363 - 37.186 - .... 9~251 
- 1.9~953 

50.6213 
14.013 - 3'J.l<!'l 51.276 
14.919 - H.o74 - '>1.901 

15.890 - 40.lF. 52.500 
- r,. .047 
- 74.395 

74.1'i4 49.19B 
19.')96 - 75.243 - l.b.749 

20.547 7').139 - 47~6 (Cj 

21.513 70.277 
22.49'5 70.3)S 
2}.t.91 r7.464 44.347 
2' •• 521 - 113.097 t.3.194 

- 78.748 - 42.020 
- 79.406 40.826 

- Bt.)49 - 37.121 

31.294 tll.'160 
ti2.543 
e3.090 

35.197 iiL598 
36.5bb - '3' •• 063 

38.020 
39.496 
41.020 
42.')81:> 
'.: •• 193 

45.339 
47.52l 
49.24l 
50.990 
52.76tl 

54.571 
56.395 
56.2.37 
60.094 
61.962 

63.838 
65.119 
67.602 
69.'.8'. 
71.362 

30, 137'1 

g 5 ~ 615 

- 85.853 
- ti.5.'1tH> 
- d6.077 
- tl6.128 
- 86.143 

tl6.124 
- d6.J76 
- a6.002 
- tl5.'f06 

;35.791 

- t35.663 
- 135.523 
- d~. 37'S 
- :;5.222 

35.066 

35.84·' 

- 29.204 

- 2'>.18b 
23.8 L4 

22 .43~ 
21 ~ 0 ':>6 

- 19.613 
18.292 

- 16.907 

- 15.521 
t4.13'il 

- l2 ~ 154 
- 1l~174 

9~993 

B.bla 
7.2'04 
5.870 
4.'>02 
3~ I 33 

Log Kp 
IN'" [NIl E 

61.89':1 
35.973 
25.372 

2 5~ 2 3 S 
19.826 
16. ')41 

14.310 
12.1.:.90 
11.455 
10.t.l8 
9.686 

8.990 
8.400 
7.394 
7.(.55 
7.069 

6.727 
6.422 
6.147 
5.898 
5.612 

5.4IV. 
5.151 
4~6JO 

4.53.5 
4.262 

4.008 
3.711 
3.5'>0 
3.342 
3.U.7 

2.962 
2.7Bt! 
2.623 
2:;;6'7 
2.318 

2.116 
2.041 
1.913 
1.190 
1.672 

1.560 
1.452 
1.350 
1.251 
1.157 

1.066 
.979 
.896 

~665 

.594 

.526 

.460 

.39[ 

.336 

.167 

.114 

BaO 
BARIUM OXIDE (BaO) 

Syrr:metry NUlrller' " ) 

5298.l5 '" 56.249 ~ 0.08 gibbs/mal 

f-Ieat of fOr'F.:.ation 

Source S'tate 

(1-4) xl:!: 

(1) - a]n 

(lJ 
(5) 

(1, .~, _Z) p,12:+ 

(.§.) 3;;:+ 

'.~) 

(.?) 

(~) 

'.§.) 

(E) 

<.§.) 

(2) 

3,1 

Ii! 

J;;:-

1",-

1:> . .j. 

3n 
Bl;r 

-1 
~,~ 

0.0 

17372, 

l7SGS, 

L 11.:000 J 

16722 , 

[ 22000] 

[ 22000) 

[ 2l~OOO J 

[ 2110001 

(24000 ] 

[ 2S000 1 

[32000 ) 

32775. 

~ 

ClD£AL (,,,,.o,S) 

~ 
1..93g7 

;.289 

2,289 

[2.133 J 

2.133 

(2.261 

0.31261 

O.27.LIII 

0.2144 

[0.2583 ] 

25832 

(0.230 J 

[:;.20] (0.211:' J 

~-~~ 
cm- 1 

0.001-39 

0.0014 

o .OOllJ 

[() .00ll J 

o .00J.07 

[O.O(H) 

Gn~ :;- 153.339 1, Ba,) 

-~ 
669.81 

1/1/8.3 

4 118.3 

[/199.7] 

499 .. / 

(480 j 

[lJ.S8j 

488. 

2 kcal/mol 

_2'J.5 !; 2 kcallmo1 

u"eXc' (;1".-1 

2 .054 

2." 

2.1, 

l1. 04 J 

1. 64 

[2] 

[35J 

3,6 

YJe adopt DO ;:: 131.0 '- 2 kcolimol and i';Hf 298 " -29.'i !; 2 kCLI1/mol ba.sed on equilibria cwd vcpori;:ation (jeteiJ. analyzed 

below. Th<! results are in (:'il:cellent agree;nent, even though 6S varies widely. DO is confirmed also by v.l.l1.<€'s of 131' :t 

5(electron impact, 12), 2:.13L4(crossed-beam chemiluminescence, ]..JP and .... 111 kcallmol (fl.Hn€ study, 1973. \~e have ad-

jUEted the latter value 'to make it roughly- con:oist<2r.'t with our free e!1ergy functions. LI:'~~s reliable daca were reviewed by 

Schofield (.l:!.). OUr' analysis suppor·ts the conCl\l:iion" of Br€'wer und 

Source 

C}) Kalff(l970) 

(.!!) Colin(1954) 

C~) Semenov(l972) 

(lQ> )\~wbury096S) 

(11) Tnghrarn(1955) 

l'"lethod Xeilcti()~ l'\~0.g~_.1'.Lk; !.?ints gibbs/mol 

rlame photometric "'2580-2850 12 19 !:4 49.~1l 

Kn\\dsen mass spec. 1934-2052 -ll.~10 -29. t20 

LlHf29B D' 
D 

kcal/mo1 

-4.7~2.5 -29.5t3 131.0 

-6.Bt2.G -29 .. L~3 130.5 

l!.J?3-J 723 Eqn. 3.7 108.1 107.1!.l.O -2a.8~2 130.2 

Knuc.:sen thermobo.l. 

Knudsen mass 0; p~;c. 

17 
,~ 5 
11 
36 
19 

-7,8~.5.l 99,'!lO 1032:1:1.7 -27.8t2 129.2 

Cll} Shchu)(arev(l957J Lill1gmuir ITdSS spec. 

1530-1758 

.....1.173-1473 [qn. -5.1 93.3 

97.2 

lOl',lJ-t1.6 -29.6:t2 131.0 

99. t!:!:O.5 -31.2=2 132.5 (11) NikollOV(l961) 

Blewet'tO 939) 

Herrmann(193:) 

(1£) C1d3ssen 09 sJ) 

Knudsen effusion 

Langm'-lir 

'1.-1140-1470 Iqn. 

1526-1800 

.... ]..700-1560 

121' 3-1475 

12 

Eqn . 

-2.0 

-0. 5:!:2. 5 

16. 

l03.1!:4.1 103 9t1.3 -27.1'!3 128.5 

124. 101.13'-4.6 -29.2!:3 130.7 

-4.5d.S 9S.9~2.l lOL9.'!l.O -29.1~2 130.5 

dReactions: II.) B,;.(g) f 

b/iS = 0$1'0 C2nd La\~) _ 

= B,"10(!{> + CO{~); Eo) Ba(g) -+- SO(g) "" BaOCg) ... S(~); C) BaO(c) " B30(g). 

Law) . 

f.lectr'On"cc and vibrational-rotatio:1al constants of "the obs(,rvea a.re h:,om Yit::ld OJ E()sen (~). 

The long-sought states of CaO, S:rO and BaO w~re clla::-Bcter·i.zed by t"ie1d q) using a nE'W method for assignment: of 

perturbations. Thi~ :itudy !'I:!solved the long-standing con'!:l'Qver.:oy ever lOW-lying 

X
1

1:+ is the grollnd state C.:t.). We estimate the Ocher po"tentially lOW-lying state 

levels a"d confirmed C)) that 

by Cl'lSumin8 t.hdt it lies 

3000 ~ 2500 cm- 1 (1, .~) belO\~ the isoconfigurational .A. state, r)thcp precict:ed ~3tdte~i dnd theil' vibrational-rota"tionul 

r.onst.mts are estimi1'ted in isoconf igu:'dtionCl.l groups by comparison wi tt"t B<:!O, rigO, CdO and Sr0 (:§.). Comparisons are facilitated 

by listing the states in the isoconfigur'ational ordeT of MgO (~). Our the:rnodynamic functions corr..-~spond to an "efTecti.ve" 

ground staLe with E" 1 instead of g:: f (~Q, .!1.}, Our functions;;re calcul<l.ted u::dng first-order anharmon:·c corrections to 

Q~ and Q~ in the partition function Q = Qt fQ~Q~gi ey.p( -C 2 (iiT). 
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Bromine Monatomic (Br) 

(Ideal Gas) Grltl 79.904 

~---gibb$lrm"---_ kcalltnoJ----~ 

T, OK 

290 

'00 
400 
,00 

600 
100 
dJe. 
900 

1000 

1300 
1400 
150G 

1800 
1900 
2JJO 

24,:)0 

2:"00 

2600 

290<:: 
3000 

HOO 
3400 
3500 

.'1600 
3 roo 

400C' 

4300 
4400 
4S0U 

46,)0 

4700 
4800 
{,'100 
5:)00 

':l)OO 
~/.OO 

5500 

56,)0 
':>fOO 
58)0 
5900 
6000 

CpO 

.00", 
' •• 460 
4.91-8 
i,.9<.>3 

4.'16.:J 
' •• 96J 
!, .';)11 

4.'-1(9 
1 •• "19 , 

?J?~ 

:; .063 
:J.lJ6 

5.243 

,. 
'.3'::>1 
').H7 
S • .lSlfl 
5. t,[') 

':0.423 

').4'.f. 
j.4 .... 0 

S ... '.") 

7.,<4) 

? ... 17 

:> .41w 

'."l'J 
j.';'J2 
"..3-,)3 
7.3d'. 
').37'1 

:>.jbb 

".'·n 
5.141 
"'.')d 
.:;. ~?" 

• 12J 
•. ~ 1 2 
• .'iU.l 

.;'15 

.:2>:;7 

~ . , (,/ 

,.,,56 
:>. {4'~ 

".2'.2 

5.210 

" ,. 
").193 
'i.:tld 

so -(G c -Wn-8)rr W-H':i$!I Il.HI'" 

.JOO INFINITE 
16.316 
39.a20 
· ... 1. d03 41. 8-:J3 

41 ~834 
43.2<:>3 
4[,.372 42.361:> 

45.2T9 42.178 
46.04d 4).192 
'.b. ill 43.591 
47.311 43.9 (2 
47.<346 "t .. >33 

48aBS 
4t1.185 
49.203 
49.')93 
1.9.95',1 

50.'i37 
51.2(9 
51.507 

51.712 
52.025 
52.267 
~2 ... 9<) 
52.721 

:'2.935 

5.3.528 
53.712 

51. ~9a 

:;.4. ":I8J 
'14.544 

54.6'15 

550.124 
')50.25'> 

55.3'10 
;.5.518 
5?64) 
55.765 
55.cia4 

56.00J 

56.3"33 
50 ... ,9 

56. '5'~ j 
56.64:> 
S6.744 
'56. d42 
';>6.'<3d 

:. 7. 032 
:;.7.124 
57.n .. 
;'7. 'IOj 
., f.390 

44.675 
44.'199 
45.307 
45.5<,19 
45.316 

46.1',', 
46.39$ 
46.642 
1.t-.d76 
'+7.100 

4-'.31f> 
41.525 
41.7U 
47.9('0 
413.107 

4d.2iJY 
48. "t05 
.,!j.b)5 
i.8. ::101 
48.'162 

4'.1.118 
4':J .269 
',9.<017 
49.::>&1 
49.1iB 

4'1.:13£1 
4't.'HI 
50.101 
50.228 
~iJ. ):'2 

')0.4/ 1, 
50. ,92 

105 

5C. ,133 

51.'J4? 
501.149 
')1.253 
51.350 
51. 456 

51.')'55 
51.652 
'51. '41 
':I1.d':'l 
':11.932 

52. J23 
'.:>2.111. 

52.369 

1.481 
.984 
.'.86 
.000 

.009 

.506 
1.003 

1.500 
1.9<;19 
2.500 
3.004 
3.513 

4.026 
4.543 
5.066 
5.592 
6. L22 

b.656 
1. t 92 
1.731 
8.272 
8.814 

9.351 
'I.gel 

10.445 
[ 

[66 

13.709 
14.2':>1 

i4.79) 
15.333 
15.873 

17.4iH 

1 ~.620 

Z'J.ISS 
20.690 
?1.221 
21.751 
22.2AO 

22.BO!l 
23.336 
23.862 
Z4.J8d 
24.914 

2'1.438 
Z~. 961. 
26.48'.> 
27.0011 
27.530 

2<:1.051 
28.572 
29~092 

28,163 
28.346 
ZL251 
26.735 

26.121;; 
?3.104 
2].160 

23~374 

l3 ~432 

Z).4'}4 
23.560 
Z3~6)O 

2 3~ 70.3 
23a 150 

23.859 
21.94C 
24.023 
2".108 
24.191 

2<,..21:10 
24.3b6-
.U •• 45l 
24.':..H 
2"'.622 

2 .... lOb 
24.790 
2{,.1:172 
,2'h953 
2::'.033 

25.112 
2.<;.189 
25.205 
25~ 340 
2'5.413 

2;).4d4 
2<;.5':.':. 
25.624 
2J.fl91 
2').757 

2'.!.94h 
26.00l 
;6.066 

26.U4 
20.180 
n.Z3S 
20.289 
lb.342 

21>.3-13 

It •. Slo0 
26.5d7 

Zo ~ 6 32 
26~ 676 
20.720 
26.762 
,26.803 

Sept. 30, 1961; June 30, 1974 

.lGr> Loilit Kp 

28e 163 INF INITE 
25&)52 - 55.401 
2283$3 - 24.459 
19.&95 -

t9.652 -
18.040 -
16. '67 -

1 ?0'.63 -
14.191 -
120891 -
11.584 -
10.211 -

6.952 -
7.627 -
6.297 -
4.960 -
}~619 -

2.272 -
.921 -
.436 

l.796 
3.163 

4.533 
5.907 
7.284 
8 .. 666 

10.051 

- 11.439 
- 12.832 
- 14.227 
- 15.624 
- 11.025 

- 18 .. 428 
- 19.834 
- 21.2',3 
- 22.653 

24.06:' 

- 25.4dO 
- 26.897 

Z8.:H5 
29.735 

- 31.158 

- 32.582 
- 3' •• 007 
- ~5 .. 4J3 
- 36.861 

38.291 

- 39.121 
- 41.152 
- 42.581 
- 44.021 
- 45.456 

40.694 
- 46.331 
- . 49~ 768 
- 51.209 
- 52.648 

- 54 G 090 
- ')S~ 531 

Sb.9r3 
- 58~/.I 7 
- 59.863 

14.'.31 

14.316 
9.857 
7.329 

::'.640 
4.431 
3.522 
2.813 
Z.245 

1.719 
1.389 
1.0'.>9 
.17', 
.527 

.310 

.1lS 
• 053 
.201 
.346 

.',12 

.587 

.692 

.789 

.879 

.962 

110 
1.177 
1.240 

1.299 
1. 355 
1.407 
1.456 
1.503 

! .547 
1.589 
1.628 
1.666 
1.102 

1.731 
1.770 
1.801 
1 • 8 J ~ 
1.860 

1.887 
1.91. ... 
1.939 
1.963 
1.987 

2.010 
2.031 
2.0':12 
l.073 
2.092 

2.111 
2.129 
Z. L47 
2.164 
2.181 

Br 
BROMINE, MONATOMIC (Br) 

Ground Sta'!e Configuration 3P3 /2 

S298 15 :: 41. 803 :!: 0.005 gibbs/mol 

Heat of Formation 

(IDr:AL GA."» 

"i 
~ ~ 

·3/2 
3 0 
"1/2 3685.24 

GFW :: 79 .. 90t; Br 
:!: 0.029 kcal/mol 

25.735 !: 0.039 kcal/mol 

,',Hf- is the value ddopt:ed by the Comm.ittee on Data for Science and Technology (CODATA) of the Inter'nat:ional Council of 

Scientific Un'"',ons (lJ. The adopted value for OHf
298

{Br. g) was derived \lsing DO(79 81' B1 8:d :: 15893.1 ! 2 crn-
1

(45.t.403 4-

0.006 kcal/mol) from Horsley lind Barrow <.£,. This value was calculated from the dissociation energies of 79 sr2 and Bl ar2 · 

The convergence limit in the absorption the 3[l04-U lzg system corresponded to dissoc~atl.on to a ground stiitE~ 
bromine atom a.nd a bromine atom in the 

LeRoy and Bcrstein (1, ~) r.ave the dissociation energy of diatomic br"'Omine from the vibrational spacings of 

the higher levels. The latter' C::61culation (~), using the data of Horsley and Barrow <.~), yielded DO = 15895.5 !: 0.5 cm-
1 

The adopted D,Hf o value differs by 0.005 kcal/mol from the previous JANAF value (2)' 

Hea:.: Capacity and Entropy 

The electI"'Onic levels for B~(g) d['e those recommended by C. M. Sitterley (§.) and were adopted by the TCSU-CODATA Task 

Group. We do not include the levels which lie above 63000 cm- 1 (1) as they do not: contribute to t:he values of the thermo

dynamic functions b€low 5000 K. ·fhe calculated value of S;98 agrees with that adopted by CODATA (J). The S298 value is 

0.002 gibbs/mol less than the previous JANAf vaJ,ue <..~). 
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Lead Monobromide (PbBr) 

( I dea I Gas) lTVI 287.104 

~---gibb$Jmoi---~ ----kt:al/mol 
T, OK ('po S' -(Go-H"w!')rr H"_Ho~ ,Hr 

0 .000 ~ooo INFINITE - 2.425 19.100 
100 7.969 55.820 72.789 1.6<"r! 19.011 
lOO 8.640 61 ~ 605 65.897 .85'1 18.721 
2ge 8.824 6'5.095 6S.09~ .000 16.951 

300 8.826 65.150 6'5.095 .ot 6 16.'139 
.00 8.905 67.101 6'5.442 .903 13.054 
500 8.950 69.693 66.100 1.1'96 12.833 

bOO 8.980 11.328 66.840 2.693 12.595 
700 Q.003 n.7l4 67.5BZ 3.592 U.l7S 
,00 9.0n 73.917 6e.300 4.493 10.910 
900 9.042 74.981 68.985 5.391 10.651 

1000 9.059 75.935 69.633 6.302 10.400 

1100 9.017 76 .199 70.246 '1.208 10.156 
1200 9.0<H 17.5'10 70.825 a.Ul 9.923 
1300 9.119 78.319 71.374 '1.029 9.695 
1400 '=1.145 -,a. 995 11.89 .. 9.941 9.410 
\500 9.tH n.627 72.389 10.851 9.249 

1600 9.201 80.220 72.860 1l.77c 9.025 
1700 9.245 BOe 780 13,310 L2~699 8.804 
1600 9.286 81 ~ 309 n~ 740 L 3~ 62 5 8.58i 
1900 9.330 81.81Z 14.151 14.556 S .358 
2000 96378 ij2.Z92 14.546 15.491 86133 

2100 9.428 82.751 74.926 16.432 - 34.542 
nOD 9.480 83cl'H 75~ 2<;12 17.377 - 34.614 
2300 9.533 S3~613 75.64'5 L8.327 34.823 
2400 9. '587 84.020 75.985 19.283 - 34 6988 
2':>00 96641 84.4l3 16.315 20.245 35.17L 

2600 9.69'5 84.7n 16.633 ?l.212 - 35.370 
2100 9.149 85.159 76.9't2 22.184 - 35.585 
2800 9.802 85.514 17 .242 23.161 - 35. B17 
2900 9.854 85.859 17.533 24.144 - 36.061 
30')0 9.905 86.194 17.816 25.132 - 36.319 

3100 9.954 86.520 78.092 26.125 - 36.589 
3200 LO.002 86.836 78.360 21.123 :.\6.871 
3100 10.048 87.145 78.622 28.125 - 37.160 
3400 lO~O92 87~ 44'5 78a 817 29a13Z - HQ451 
3500 lO~ 135 87.139 19.126 30~144 - 31 ~ 761 

3600 lO~ 177 88.025 79.369 31.160 38.069 
3700 10.1l7 88.304 79.607 37.179 - 38.379 
3800 10.255 88.511 79.839 33.203 - 38.691 
3900 10.292 S8~644 80.Qb7 V.~230 - 39.005 
4000 10.327 69.105 80.290 35.261 - 39.317 

~ 
4100 10.361 89.360 804'.508 36.29t:: 3q.629 
4200 1 O~ 394 89.610 80.721 37.333 - 39.918 

" 
4300 10.426 89.855 80~ 931 38.374 - 40.244 

:r 4f.OO 10.456 90.095 81.137 39.416 - 40 .. 545 

-< 4500 1.0.465 90.331 81.338 40.465 - 40.842 
!" 
n 4600 10.514 90a561 81.536 4l.515 - 41.135 

4700 10.541 90.188 B i. 731 42.568 - 41.421 :r 4800 10c568 9i.OlO 81.922 43.624 - 4l.702 
<I> 4900 10.594 '11.228 62.109 44.682 - 41.917 
~ 5000 10.619 91.443 52.294 45.742 42 ~246 

'" '5100 10.643 91.653 82.475 46.806 - 42~"1 0 

~ ')200 10.661 91.660 82.6'54 4 7 ~871 - 42.76(;; 
5300 10~6qO 92.063 62.830 48~939 - 4J~016 

C 5400 1.0.712 92.263 53.002 50.009 - 43.261 

!l. 5500 10.734 92.460 83.173 51.061 - 43 a 499 
Q - 5600 10.756 92.054 83.340 52~ 156 - 43.732 

< 5700 10.771 92 5 844 B3.505 53.23,3 - 43.960 
0 5800 10.798 93.032 1:i3~668 S4.311 - 44 .. 181 
:- 5900 10~ 81 is 93.2l7 83.828 55.392 44.399 

-~ 
6000 10~838 'B~399 83.986 56.475 - 44.611 

Z JUne 30, 1962; Dec. 31, 1973 !"' 

-0 
'I 
III 

BrPb 

lI.Gf' Log Kp 

19.100 INFINITE 
15.013 - 32.8l0 
11.084 - 12.lIZ 

7.584 5.559 

7 ~526 
5.114 -
3.228 -

1.330 
.3.37 

1 ~964 
3.'5')7 
5~ 172 

6.663 
B.IS1 
9.680 

- 11.163 
12.628 

- 14.079 

- 15~q46 

- 1'5.196 
- 14.436 
- 13~667 

- 12.891 

- 12 .. 106 
- 1l.311 
- 10.508 

9.696 
8.815 

8.045 
7.207 
6 .. 359 
5.503 
4.645 

3.774 
2.893 

.211 

'5.:"63 
2.827 
1 ~ 411 

.485 

.105 
~537 
.B64 

1 ~ 119 

1.324 
1.490 
1 ~627 
1.743 
1.840 

l,n3 
1.995 
2.057 
2.111 
2.159 

2.039 
1.875 
1.125 
1 ~ '53 7 
1.459 

1.340 
1.230 
1~ 127 
1.O~O 

.93q 

~a53 
.713 
~696 

.623 

.554 

.48S 
~426 

.366 

.308 

.254 

~201 
.151 
~l 02 
.055 
.Oll 

.691 .033 
l.601 .074 
2.522 .115 
3.44~ - .154 
4.314 - .191 

'5.308 - .227 
6.250 -
7.197 -
6.14'.:1 - .330 
9.099 - .362 

to. oSa - .393 
11 .. 016 - .422 
11 .. 969 - .452 
12.95 f - .460 
13.9U .507 

L[AD t10NOBROMID[ (PbBr) 

Ground State Configura:tion 2T11/2 

S29S.15 .: 65.10 ! 0.05 gibbs/mol 

We 206,56 cm-1 

Be O.O1l51 cm-1 

HeaT of formation 

(IDEAL GAS) 

1:1 ectronic Levels and Ouantum Wei gh ts 

Stdte 

A [ 

B [2 Z J 

w x 
e c 

c., 1 

[63001 

208B4.3 

34523.7 

0.495' cm- l 

U
e 

:: [0.00014J cm-'" 

~ 

(2,] 

[2J 

GFW:: 287.101: BrPb 
tlEf; :: 19.10 ~ :0 kcallmol 

fd-i f; 98 16 .95' 1" 10 kcall mol 

re 2.51.16 A 

The ddopted ::: 19.10 :! 10 kcallrnol is c1dculated and I'ollr:ded from the D~ value!'! of 2.43 eV (~6.04 kcal/mol) 

de'teT'rnined by Singh emission spectra (1), uHi'O (Pb, g) :: 46.9]" ~ 0.13 kC'31/mol <.~), and 6Hf~ (Br, g) ':: 28,188 kcal/rrol 

(1). Rosen (1) and Gaydon (.:t.) recommended 57 !: 9 'kcal/mol and 58 ~ 9 kcal/mcl, t'es"Oectively, for DO' A linear Birge-Sporle.!' 

extrdpolation of the ground stdte vibrationa] cQI"ls'tants, dS derived from absorption :ipectra (\I, 0-111 observed by Morgan 

(~). gives a. dissociat.ion energy of 2.65 eV. CON'ec"tion for the ionic character of PbBr as proposed by Hildenbrand (§) 

giVes DO '" 2.Lf4 eV which is in good agreement with the value deter'mined by Singh (1). ClHf 29 !1 '" 15.95" <; 10 kcal/mo1 is 

calculated from the adopted lIHfC; '" 19.10 -: 10 kcallmol. 

Hca t Capaci"ty and Ent"ropy 

l"he v~DT'ationdl constants aT'e from the of Rosen (3), cOr'I'ecTcd faT' the ndtural isotopic abundance of 79 3I' 

and 81 31'. An<ilogous"to PbF (2) and PbCl (1). a stat ... at 8300 cm- l is added to the el€ctronic states and levels listed 

by Rosen (~), The assignment of the fiI'st st.:;.te pem",ins uncertdin; the. ilopears to be between 22:, tentatively 

assigned to ?bl~ (1) and PbCl (.2), and 21), tentatively assigned to PbI (1). The state is adopted. The entropy is 

increased by 0.009 'eu at 4000 K and 0.012 811 at 6000 K if the 26 state is used. The adopted value of 3
e 

was determined by 

La.l and Khannd (2.) and is adjusted for the natural ~bunctdnce of the bromine isotop€s. The value of re is calculated from 

the adopted Be' The value of u
e 

is Cdlculated assuming a Morse Dotentia.,1. function. 

ReferBl1ces: 

1. S. P. Singh, TndidD J. Pure App1. Phys.~, 381. (196'8). 

2. JANAf Thermochemical Tables: Pb(g), 3-31-62; BT'(g), 9"30-61; Pbr{g) , 12-31-73j PhCl(p), 5-30:'73j PbICg), 12-31-73. 

3, B. Rosen, Ed., "Spectroscopic Data Rel3.tive to Diatomic Molecules," Perga.mon Press, New York, 19ro. 

4. A. G. Gaydon, "Dissociation Energies and Spec'tra of Diatomic Molecules," 3rd ed., Cha.pman and Hall, London, 196'8. 

5, F. Norgan, P"hys. Rev, .::1, 47 (1935). 

6. HildenDT'anc1 in "Advances in High Temperature Che'llistry," Va]. 1, L. Eyring, Id., ACademic Press, New York, 
pp. 193-215. 

7. K. M LaI and B. M. Khanna, Can. J. Phys. ~, 199"1 (19f.)·E). 
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Calcium Dibromide (CaBr 2 ) Br 2Ca 

(Crystal) GF\1 ~ 199.888 

----gibbs!mol---~ -------kcal/mol ------

T. "K Cp" S" -(G~-H"29a)rr HO-Ha
:tS8 !lMf' 6.cr log Kp 

0 
laO 
200 
298 If.!)):; H.JOO 31.100 .000 - 163.300 - 158.7)/, 116. '5:' 

3·)0 11.9'" H.l11 31.UOO .O)} 163.312 - 1::'8.105 itS.617 
400 1-1.640 Jb.ns H.r14 1.860 170.n6 - 155.705 85.073 

SOD 1:3.')'10 40.577 33.081 3. (4B - nO.DO) - \52.083 66.475 

600 19.2<.0 44.061 34.02<) 5.659 - 16'-1.631 - 148.:;34 54.103 
700 I'>' .:)10 47. J45 36.144 1.595 16'1.241 - 145.048 4'.:1.266 

800 1'J.<jC;O 49.678 37 _fiB 9.567 - 169.l;:.8 - 141. 59t 38.681 

900 20.520 52.059 39.161 ll.590 16:3.l:!35 - [38.162 33.550 

1000 21.1aO ')' •• 2';:' l.O.5S0 13.674 - 168.606 134.762 29.452 
--------+------- ----------------------------------------------------"-.-
II 00 ' l.910 41.'118 15.831 - 1&8.309 - 131.393 20. lOS 

?2.1340 43.1'19 la.071 10".764 - In~tl99 23.294 
?~. 760 1:>:;).122 44.429 ZO.t.Ol - 169.059 1Z4 ~ 4 3f 20enO 
24.liO 6 i .91 U 45.615 22.824 - 160.202 - t21.035 18eS''', 
2').6<;:) "'3.655 46.760 £:5.342 Ib7~H2 - 117. &92 17.148 

Jur:e 30, 1974 

CALCIUM DIBROMIDE {CaB!'2} 

S29&.15 " (31.0 '!: LO] gibbs/mol 

Tm = 1015 ]( 

Heat of Formation 

(CRYSTAL) GFl4 = 139-.888 Br 2Ca 
uHf'; = vnkr'wwn 

t.r.f298.l5 = -163.3 ~ l.0 kcal/mol 

llHm~ :: 6.95 ! 0.15 keal/mol 

c,Hs298.15 71.3'!' 3.0 kCdl/moJ 

The adopted enthalpy of formation is the m,!a.n of three values derived from two independent puths. One path involves the 

heats of solution of Ca<c) and CaBr
2

(c) in HBr"S55 which were measured by Ehr:ich et al. (]J. Recalculation of 'theil' 

results using recent thermal data (1., 1) for aqueous HBr yields ,',Hf;9S(CaBrZ ' c) = -164.0 keal/mol. The uncert.:tinty in 'this 

value could approach ~ 1.0 kca1/mol due primarily to t~e rather impure me'tal eg9.3% free Cal u~ied Ln these measurel:lcnts. 

An al"terna'te pa'th used to obtain values for nEf o involves the resul1:s of measurements on t.he heo:l:t of solution of 

(c) in aqueous solution. The work <,::-§) reported in this area hds been r'flviewed by Bichowsky and Rossini (:O. 
of 'these resul'ts using "-" aq) = -129.74- kcal/mol (32.) and uHf 298 (Br-, co aql = -29.019 :!. 0.036 kcal/mol (1.) yields 

values for l.IHf" of kcal/mo1 of -162.3 (,:~), -160.2 (.§), and -163.6 (§.). The disagN'ement in these values is 

disturbing but can be mostly accounted for when one considers the difficul'tie,5 "involved i.n t.he prepara.tion (§) of "pure" 

anhydrouG CaSr 2' 

A mean value (-1S3.3 kcallmol) for QHf29B(caBr~" c) of three I'esults (J" ~, and ~) is prflfer!'ed Decause of the dif

ficultie,s rcport\2'd in obtaining and keeping samples free of impurities. tms (_~) h"is selected essen'tially the same value 

(-163.2 kcal/mol) from their analysis of the available dat'a, 

Heat Capclcity and Entropy 

No low tertlpera'tuI'e Cpo aata have been reported for CaEr
2

; thws, the va.lue of must be cst).mated. 

Berthelot principle (~), 'to the process SrBr?(c) .... Cl(c) :: CaBr:?(c) ... 5r(c) gives " 31.7 .t ),5 ell for 

entropies are taken from the JANA'F tables (.!Q). Also, JANAF entropies (19) for the other three calcium 

Application of 'the 

Auxili?ry 

sugzest a 

v<;l.lu"-! near 30.5 eu for CaBr
2

. We adopt S298 :: ~l .!: 1 2U w":1ch 'L5 :'he vaJue selected by t,BS (a) Other ('!:ported e5'timat:es 

for 5;98 are 32.0!: 2.B eu (ll) , 32.2 .!: 0.7 CI..: (]2), and 33 eu (11,). 

Cpc at 298.15 K has not been measured. Eowever, Janz et dL (1..::.) medsured rela.tive en'thaipies (434··1013 K) for CaBr 2 
and reported 'the res·...tl'tG in equdtion form. Their equation gives Cpo:: 16.3 gibbs/mol at 298.15 K which dppedY's to be too low 

by about 2 units when compared with JANAF Cp~ data fof' several other ,,1'k:<11ln(: ear-th dihdlides. Tn~ only othe:- en.thalpy stL:dy 

that has b"!en r~ported is th"l.'t of Dworkin dnd BI"€dig (t!)) who rr.easurej (H~015-H29a) " 14.00 kca1imol a't Tm in a ccpper block 

drop-c~lorimete['. We adopt this result. JANAf data (!.Q) are used tc obtain. CpG at 298.15 from the process CilC1 2 (c) 

+ 2 Kade) :: CdBI."2(c) + 2 KC1(c) by assuming (\Cp = O. D0.ta in 'the temperature ["mEt'. 300-1013 K are estimated by comparison 

with 'those for car
2 

and CaCl, (lQ). lofor0 weight is given to the r''O!sults for" hac the S<lme cry:~tdl struc'tupc 

(l.§) as CaBr
2 

and nearly the same melting temp~!.'ature (lOllS iO (.!:.QJ and enthalpy = 1.4.2 kCill/mol) (1:.9.) at Tm as 

does CaBr'2' The Cp~ cstirn.9.tes ,lr''2, also mad~ sc as to reproduce as closely as enthalpy a't' 10J5 K. OUI" 

estimaterl C?o data give a value of '(Hi015-H~ge) ::: 13.994 keal/mol which agrees wi-.:h the measured value (.l§.) to within 6 

calories. epc data above 1015 K are obtained by graphical extrapolation. The enthalpies obtained from the equation of Jan;:: 

et: cll. (.!.I!) d.:'e ~;y"tem<it.ically lower than our ,dopted vahles. The. devia'tion iG _O.lr% at 1015 K; it Lncreases at lowel' 

temperatures and reaches a maximum value of -2. a.t 600 K. 

!1el"til}E.._Q§..:!.~ 

See C~l.8r2 (t) t:able. 

Sublimation D,,:t.:<i 

6liS 298 is calculated as the differ~nce in the adop'ted heat:s of fOl"'Jll.ation for t:he gus and. crys'tal at 298.15 K. 
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Calcium Dibromide ( 

(L i qu i d) GFI'i ~ 199.888 

____ gibbs/mol _____ . -------kc-.d/mol 

T, UK CpO S" -(G"-W:;N3}!T HQ-H'Z98 'HF 

298 1/.'d" ~5. :>'. U 3S.33'1 .000 - 1':><:1.4:>8 

;00 1!.'!'.>'> 3':>~,< ~d 3').340 .OB 1 '.>".4T0 
'00 1 ').u4'J (.O.7It] 36. )::'3 l.doo - lo5.:tl5 

''0 ii.';'!J 4 / •• ';117 "37.420 '1.143 - 16~.161 

6:::0 \).2",0 48.401 J8.J6a ~. 0:;9 - 1.04.789 
-,00 Z!.J.JC ,1. ]67 I, O~ ::'1<' 7.597 - 164.39t! 
SOO ':>4.992 .I,2.lll 10.29! - l'Jj.5dl 
'00 Sd.l72 43. r 31 12e'19! - 162.037 

1000 <' l.,)o.lJ 61 eOI ! 4::'.320 1').691 - 161. 7',2 
--------------
1100 ! 1.000 63.590 <'r..~ ~"6 19 • .'197 
1200 ;f.)U0 6·~. Y)9 4tl. 3~>'! 21.047 
1300 z-r.o:)o flb.i:Jl 4<).795 23.747 
1"00 f .J00 70.102 26.497 
15(,0 7\.'164 29.1'11 

1000 ? !.u:J!J 1:l.7'yt ~3. 'fl 31.d9{ - 1') 1.605 
if:]() ?! .00:1 (').344 51, .-l9J 34.597 
18C:[J l r. 001 ,(,. :l87 '0. 37.2'11 
! 9UO U.JOC! 7J.3'<7 39.997 
2000 21.JCQ 7'-1.132 '>t1.]d3 42.0'-17 
------------ ----- --------------------------
1100 n.oCJo 1:11.049 ~'J. ",32 45.3'77 - 1!lcl.501 
22.00 i.1.JJO 8,:.305 6'..1 .'.43 41:l.09J - Itl' .221 
230C ?r.'JOO ~ ~. ')0 ~ 61.420 50. H( - 1d5.946 

? (.u·)0 02.364 ~3.l.97 - I,F •• 671 
? 1.0):] 05.7';;7 0).278 56.197 - 183 .... 14 

Junto. :JO, 1974 

Br 2Ca 

6.Gf' Log Kp 

- 155. U.lt> 113.754 

- 15::'-165 ID~03!.1 
- 157.600 tl3.3!7 
- l49.411 05.307 

- 140.290 53.l8b 
[4).245 4"te 723 

- 140.<'72 38.320 
- 137.415 33.369 
- lV •• 660 2~.430 

- 119.014 16.257 

- 100.823 li.J.4",'3 
- '16.073 9. &04 
- 92.591 6.798 
- 83.5'51;1 8.064 

84.519 7.394 

CALCIUM DIBRctllDE (C<lBr
Z

) 

S29 a .15 = l 35.3401 Zibbs/mol 

Tm ;:. 1015 K 

Ttl = 2083 K 

Heat of formation 

(LIQUID) GFW ':" 199.888 Br
2

Ca 
= (-158.458) kcal/mol 

~ 0.15 kCdl/mol 

IlHv g 48.0 kcal/mol 

lIHf"' of CaBr2 <i-) is obta.ined from that of the c!'y:;tdl by a.ddition of 11Hmo and 'the differenct in the values of (Hi.01So, 

for 'the crystal and liquid. Togur'i et: <11. (1) hav~ reported a J(p value for' 'the anion exchdI"lge equilibr-iwn o.s CaBr
2

CO 

::: 0.5 CaC1 2 (t) ... HBr(g) i:lt 1073 K. A 'third law dnalysis of this Single value, gives ClH1'299 = -0.22 kcal/mol with 

JANAf fur,ctions. The thi.rd law heat leads to fl!-lf 29S (Z) ::' -157.9 kcal/f".ol which supports our adopted value by an independent 

pdth. 

Hea t Capacity dnd En LI'OP-Y: 

Cp 9 of 'the liquid <lbC,Y8 700 K i3 the v.;tlue (27.0 gibbs/rr:ol) determined by Dworkin and Br-edig (~) from enthalpy mC<lsu.re

ment:,> in the vicinity of the melting point. A similar enthalpy study (1013-1132 K) Dy Jan.z eT al. (l) 5uggestf:: only a 

slightly higher Yalu~ (27.3B gibbs/mol) for Cp~ of CaBr
2
(t). A glass transition is assumed dt 700 K belo;.; which Cpe is that 

of the cf'ystal. 

The entropy at 2':18.15 K is obtained in a mdnn~T' analogous to that of the heat of formution. 

Me 1_·t!llK._Q_~}:_~ 

The adopted value of Tm is that measured calorimetrically by rr .... ork:in and Bredig (l). Sir.ti.ldr' measurements by Janz 

e't ill. (J.) gclve essentially the sarn~ v<).lui:! (1013 r<), Ot:ner reported vcllues for Tm are 1018 K (.=!), 1003 K (~-2), and 1016 K 

(.!l.). 

£IBm- is 'that measured by Dworkin and Ere(!ig (3) in a copper block e!rop-calorimeter. Ano1:her calorimetrical.ly de1:ermined 

value (oHm" " 6.86 ! 0.09 kc",l/mol, 1) and one b«sed on cryoscopic measurell,ents (ilHm- = 7.03 !: 0.35 kcal/mol, _'!.) bracket 'the 

selected val,.8. 

V dPoriz_atio.!LI2~!.§: 

Tb is the tempera'ture dt which I1.Gr~ for the process (0 approaches zero. Mlv~ is the. difference in the 

heats of formation of t.he ga1l and liquid at Tb. Peter-son and HU1:chison (2.) otn . .,.ined Tb 2088 K from VdpO:::' pre£;suI'e reeaSUl'e-

f!V..!lHS on tl18 liquid (1149-1321 K). This value is Ilto.drly identical to 0,,1' result. 

_~~_K§:_r§:_!}~_~ 
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Calcium Oibromide (CaBr 2 ) 

( I dea I Gas) GF',~ = 199.888 

____ gibbs/mol - _----kC2l/mol----~ 

T. "K 
o 

100 
200 
2':iB 

300 

60G 
700 
800 
900 

1000 

IIOG 
1200 
UJC 
1400 
1500 

!tJOO 

?JOO 

2CO(1 

rroc 

3000 

3300 

16JC 
3700 
3800 
39JC 
4000 

',30Q 
4400 
4~00 

4"JO 
4700 
':'[;JC 
'.90J 
'5..100 

'.>dOO 
5',)C 
6("'00 

CpO 

.JJJ 
l2.557 
I.". <)6<.; 

14.433 

l4.77d 
1.4. tlll 
14.8::'2 
l;~. ~4 1 
11,..dS8 

['<.860 

14.tl72 
14. 

[' •• 9el3 

~4 , j 1.1" 

I',ddd 

It •• 3')? 
1' •• 09(, 
14. ~9(> 

1',.d'l-r 
\· ••. i91 
It •• 6'J.;l 
14.tI'id 
I.',.i;)'i', 

14.,>9"1 
I' •• d'd 

1,:,,':100 

l4.9;)J 
\',.'100 
l',,'Jul 
[· ... '101 
\·' •• '101 

;" .... 01 
1 t •• ~:J 1 
\t,.'Jvl 

\"t.',u£ 
1 ~ • ''v; 
;!" ')02 

:,.'102 
I~. '> JZ 
',. '-!~2 
.... '-iuZ 
.... ..,.:;2 

' •• 90.:' 
,.'J02 

:'.',10Z 
... '>0<:' 
1 •• 9)2 

SQ -(G~-H~2Ii':!I)rr HO-H~2S1i 

.J00 i~FINITE 

60.292 1'11.663 
69.521 
i'5.200 

7~.289 

79.471 
82.7'.9 

8:J.439 
tl7.719 
!!9.tdY 
'11.'046 
':<3.Jll 

94.'.28 
95.722 
':16.91.: 
9tl.015 
9'1.042 

10l.756 

:07.32 
lOT. <,15 
lOt! • .36 
108 • .,9 
10'1. 64 

109.3<;:';1 
110.326 
110.10 4 
111.229 
111. ~61 

11Z.C31 

13.273 

4., ('i 
l •• 128 
~. 0 71 

I '5.406 

115.(33 
1 H·. ~)54 
llu.3t>8 
116.61,) 
116.976 

lt7.Zl! 

J96 

11 a ,1',':'5 
8.'IZtl 
9.1::11'1 
9.447 

119.1.>-13 

7~. 200 
7':J. r69 
16.il50 

78.064 

tl2.!>55 

83.06-2 

92 •• 91 
93.042 
93.574 

'14. Jd9 

9t,.426 
.. 6.3::'3 

98.<,)66 

':Ia.(,49 
.. 8.:123 
99.136 
99.;;45 
9'1. ~92 

I JO.d9IJ 

.'in 

101. :i21:> 
102.12'5 
102.419 
1 02 ~ 707 
1 02 ~-789 

10 3~ 26b 
lu::J.5'lB 
1 O~. 300 

1,14.580 
\)4.>329 
05.015 
05.H6 
05. j')3 

3. '76 
2.737 

- 1. 3~7 
.JOO 

.027 
1.4dl 
2.950 

4.425 
').<,)05 
7.3tH 
.:So ,,71 

to.3Sb 

11. A42 
13.329 
14.817 

23.7413 
25.237 

26.726 
28.215 
29.705 
31.194 
32.684 

)4.174 
35.()63 
31. 

40.133 

'+1.1:>23 
103.113 
(.1'.001 
46.093 
47.583 

49.;)73 
50. '.>bj 
'>2.053 
53.543 
')5.0-B 

56.523 
'5t1.JD 
:'9.%J 
60.99) 
6 ('. (~83 

63. ':If3 
6'5.464 
bl:>.954 

63.444 
69.934 

71.424 
72. -)1 > 
74.40" 

Id.!:If5 

83.346-
84.936 

June 30, 1974 

<lIlt" 
8b.546 

- tid.40'l 
- 138.782 
- 92.000 

- 92.016 
- '19.441 
- 9'1.50l 

99.505 
- ':19. b~l 

- 1;)0.624 

- lJO.99d 
- '-03.206 
- 103.343 

- UJ.), '62 
1J3.903 

- 140.9)~ 

:40.861 
I f.').786 

140.713 
140.644 

- 14(j.579 
- 140.521 
- 140.46~ 

- 14;;.'.24 
I«w.391 

- 140.369 
14':0.3,9 

- :"0.367 

- (,0.389 
- 40.431 
- '10.4<)6 

40.::'B2 
- 40.694 

- 1'01. l'i6 
- l'< 1.':'25 
- :41. fldS 

- 141.'dtl 
- 1 ... 2.)0'; 
- 1><t?667 
- 143.01:)2 

14~. 493 

- 11~:I.95 7 

- l/.~ .551 
- 146.1'.6 

146.773 
l!~ 7.421 

- 14H.ltw 
1',tl.bZIJ 

- 14\1.5:'4 

- ~ '):J. ) 12 
- I") l.e90 
- ! 

- l53.542 

act" 
88~ 5 .. 6 

- 92.710 
- 97.003 
- 100.612 

- 100.665 
- 102 ~ 028 

l02~667 

- 103.294 
- lQ3~nl 

l04e489 
105.029 

- 105.537 

- ID6.0t2 
- 106.297 
- 106.548 

106.7'90 
- 10-1.022 

- 107.244 
IOl.f.56 

- 1 06~ 981 
IO~.u96 

l03.217 

- 101.340 
- 99.467 
- 97.?96 
- 95.128 
- 93.863 

- 91.999 
- 90.139 

88.217 
- 86.416 
- d4.:'5f 

- 1.32.695 
- 1.)0.833 
- 78.913 
- 77. LO? 
- 1:'.236 

- 73.365 
- 71.-'>89 

69.607 
- 67.720 
- 65.d29 

- 63.929 
- 62.021 

60. tO~ 
- 58.1 J9 
- '56.247 

- >4.302 
- 52.345 
- 50.384 
- 4e. f.Q5 

'o-b.416 

- '.4.4 to 
- 42.404 

40.376 
- 38.340 
- 36.2,8', 

- j4.221 

Zf .936 
- l~. B l~ 

Br
2

Ca 

Log 
INF INI 
202.74'1 
l06.00') 

73.150 

-fJ.334 
55.74<; 
44-.676 

37.625 

25.')05 
23.065 

21.063 
19.n9 
11. 912 

14.649 
13.01 4 
12.',189 
12.089 
1, 1. 219 

10.547 
9.881 

B. 
8.205 

7.733 
r .296 
6.<190 
11.513 
0.160 

5.830 
5.521 
5.230 
4, '-156 
< •• 69d 

4.'054 
4.223 
4.001 
3.795 
"1.597 

3.408 
3.22 ! 
3. 05~ 
2.390 
2.732 

2.580 
2 .... 34 
2.2<)4 
2. t,)9 
2.079 

1.'103 
1. 

1.'552 
1. 442 

1. 

.':140 

CALCIUM DIBROMIDE (CaB!'z) 

Point Group Dcrtt 
S29fLl5 '" {75.2 !: 2.0] gibbs/mol 

Ground State Quantum Weight ;: [1] 

(IDEAL GA.,) Gr~." 199.888 Br2Ca 
MI!f'\ =: -88.5 ! 2.0 kcal/mol 

ilHf;98.15 ;: -92'.0 ! 2.0 keal/mol 

Vibra'tional Frequencies and Degeneracies 
1 

Heat of Formation 

Bond Dista.nce; Ca- Br :: 2.67 
Rotational Consta.nt: Bo 

A 
cm-'>' 

w, em 

(148](l) 
[l;7](2} 
330 0) 

Bond Angle: Br'-Cd-Sr = ] 80' 

The selection cf lIHf- = -92'.0 ! 2.0 kcal/rnol for CaEr
2

(g) is based on results derived fr-om two independcn't means. 

Peterson a.nd Hutchison ();, .;0 have reported results of an extensive study of the vapor pressures 0149-1321 K) for liquid 

CaBr2 • Measurements were made by the Knudsen effusion method on a sample whieh had been pNpared by direct union of high 

pur-~.ty elements. X-ray Jiffraction p<lttern!:i on the final product showed no metal or oxide lines. Schofield and Sugden (1) 

investigated the equilib1'iuIfl Ca{g) ... 2 flBdg) :: Ca!3r:r(g) of. 2 H(g) in H
2

-0
2

-N
2 

flames and reported Kp data for' temper>atures in 

the range 2137-2532 K. Results of our second and third law analysis of these data. a:::>e t.abulated below. We assume that the 

dibromide. monomer' is "the only vapor species produced in the volatilization of CaBr
2

( l). Suppo!"t for this assumption is 

provided by mass spectra for some of the other alk.'11ine ea.rth dihalides (~). These studies indicat'c that the sat.urated 

vapors consist predominately of the metal dihalide monomer and agree with predictiont; which were m<'.lde by Brewer at al. (i) 

for these- dihalide n:olecules. Included in the tabl~ for comparison are results of our analysis of older vapor pressure da1:a 

(6, 7) which have been reviewed Dy B:rewer et a1. (5). - - No. of 

Reaction 

A 

Source 

Peterson and 
Hutci"lison(.l,1) 

Brewer' (_5_,.§.) 

Brewer (2. ,2) 

~'e'thod 

Soiling 
Point 

Poin1:s 

~ 

Temp, 

Range, K 

1149-1321 

990 

1180; 14 I:! 0 

Schofield and flame ab 2137-2532 
Sugden (1) Kp 

RI::a.ctions: CA) CaBr
2

(O ':::. CaBr
2

(g) 

(E) CaB!'2(c) :: CaBr,,(g) 

(C) Ca{g) + 2 HBr(g) '" CaBr
2 

(g) .j. "2 IH8) 

law values. 

I'IHr·, kcal/mo1 Drift 

lnd Law 

65.7 

62.5 

-9.4 

3rd Law 

67.70 
:: 0.60 

68.9 

64.76 
~ 0.7 

1.6 
1.3 

1.7 

-14.38 -2.1 
~ 1. 7 ~ 3.2 

point rejected due 'to failur'e of a stat:is'tical "test. 

oHf 29B (CaBr
2

, g)a 

kcal/mo1 

, 
_94.'1 

In the selection of uHf- no weight is given to those measurement!> made priol' to 1965. Also, we note that Schofield dnd 

Sugden (1) repor1.ed :in the same p<ipec simIlar re:.u1ts for SrC1
2 

and BaC1
2 

which lead to llH£& values that are quite consistent 

\~ith JANAf heats of formation (~). We, therefore, choose to select an average value of the results of Pete~ml1 dnd Hu"tchison 

<1, 1) and Schofield and Sugden (1). An earlier analysis (~) of the vapor pressure Cdtd (!, 1) with older functions (.§) 

gave 8HC of -9.).2 kcal/mol. 

Hea1: Capaei ty and Entropy 

The bond length is from the high-tempe!'atun: eleen'on diffraction work of A.l<:ishin and Spi['}cofloV (~). Electron dif

fr-3ction pdtterns (i!) were satisfac'tori1y explained on the basis of a linear model (180- ~ lOQ). Ldter studies by wnarton 

et al. (1), using electric deflection of molecular" beams to detect' dipole moments, showed no polarity in the CaBr2 1lt)lecule. 

The abserH.:e of dipOlar charac'ter is most reasonably explained by il linear and ee;,trosymrnetric configuration. We adopt a 

linear structure for CaBr
2

, Its rnOID!?nt of inertia is 1.8917 x 10-
37 g crn2 

The antisymmetric stretching frequency ('"'3) was ob3e!'ved in the high-temper'dtur'e infrdred spectra. of CaBr Z vapor by 

Baikov (lR). The symmetric stretchi:nl;i (v,) and bending frequencies al"'e calcu:'ated from force consta.nts by 'the valence 

force me'thod <.1.,)). The otlserVec1 value of-\)3 gives k ::; >: lO~ dynes/em which leads to :: 148 c:n-l . Other estimates 

that have been r-epo!'ted for' v
l 

(in cm- l , are 148 (lQ), 164 (2), and 172 (11). A comparison values for the ratio of the 

stretch to bend force constants for the linear. C<'!Cl
2 

(C'dtio : Bl, ~) and SrBr" (ratio:: (100), .:£) suggests a value 

nedr' 100 to!"' CaBr
Z

' This value for "the r'atio gives ::: 1.028 x lO~ dynes/cm, or »2 ::: ,+7 cm- 1 • However, similar datJ for 

BeBr
2 

(]:1.) indicdte tha.t the value of the ratio could be as low as 41. This lead~ to d '/3 cm- l 
which agrees with 'the 

value (85 em-I) recommended by Krasnov and Sve1.tsov (11). Br-ewer e"t al. (~) choose '"'2:' em-I, We prefer the lowest value 

of \1
2 

(47 em- l ) at this time but inclUde in the uncertainty (.t 2.0 eu) assigned to the value of S298 the possibility 'tha"t '[he 

highest value (85 cm- 1 ) is correct. The sing1e1: groun.d state is assigned by analogy with tILa"t for Bael";! (~). 
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Magnesium Cibromide UJtg3r
Z

) 

(Crystal) GFW = 184.113 

--kral/mol-----

Cp" s' -(;,'-H"%'JII)rr H"-H°2'il1l ~H'" M;F 

, • !>!~/) ?d.0!JO 213.000 .000 - [2'>.3JO IZO.471 

380 1/.5 .. 0 ]b. .032 - 1?O.4 /,O 
40f) 1,_.4 fO lOa 1.tl3(:o - 11. 1. 352 

'00 I').J':>" 30.051 J.! 14 132.009 - 113.639 

600 L'J.41,2 40~':I!:l9 

700 1').8.30 
34.bl:ll 9.606 - 130.dtll - 102.90 

11.647 - 1]0.499 99.42 
"[1:-131----.:..- 132 .-i34 ---.=--9s:aT 

1.<:;t.5 3i:l.i3,>H 15.do2 LlI 92.193. 
7. Jj'] 40. lA.041 

1,00 2.'j/O 57.iJJO 20.272 
\400 ,-Gile '513.1.>')1 22.555 - 3[ 

1500 ~ • 59 r) 60.301 43.708 2" • .38.1 15'''d24 

June 30, 1966; June 30, 1974 

Log Kp 

IHj.307 

87.740 
64~ 11 S 
',9.671 

MGNESIUl1 otBROliIDE OigBr'2) 

Tm ::; 

:: [28.0 :" 1.0) gibbs/mol 

~ 15 K 

Heat of Forr.liit.ion 

(CRYSTAL) GfW:- 184.113 

-125.:'> ~ 0.5 kcal/mol 

!: 1.0] ].:C.1) /11'01 

1'lHS;98 15 ::. 52. 9 ~ 2.0 .~callrnol 

'nle selected value for £lHf
o 

is that given in tJBS Tech. Note 270- 5 (l:,). This value i:; derived from the solution ca1ori

metr~c measurements of Finch et" a1. (,?). Their enthalpies for the redction of crys"t.J.1line 11:g0 with aqueous HRp and solution 

of anhycl!'ous 11gBr, in the Sdrn8 solvent are combined to give 7. rr ~ 0.40 kcallmol for the proces:J MgO(c) -I- 2 Iiilr(aq) 

= HgBr
2

(c) "" H20(~). I-then this result is corrtbined with auxilidr>y <.:1,1, and ~), the selected v<.tlue is obtained. This 

value is confirmed by an independent means. Bichowsky dnd Kossini (~) give the heat of solution of in 800 H
2

0 as -43.3 

kCdllmol bdsed on measurements by Beketoff (§). Correction of this 

which leds to flHfo :::: -125.1.: kcal/mol when combined with 

298.15 K and infinite dilution gives a vdlu<:! for 

co d.q) :: -111.58 kcal/mol 0) and LlHf2<]8(3r-, "" 

= -29.'039 ! 0.035 kCdllmol (:=.). 

Two emf studies (l, 3,) on. the potential of r:he magnesium electrode in e1:her solution give results in disagreement with 

the calorimetric va.lues. reom these cell data we derive ,1Hf o value.!,; of -118.8 kCill/mol (:0 .;l.nd -115.0 kcal/mol <.~). These 

ra"ther l<lrgc di~icl'epancies are 1:aken ",5 an indication th,tt t"/1E: electrodes are probably irreversi.ble under the.s'" condi-cions. 

Tn fdet one stcl.dy (.§) r-epor"ted "tha."t from 10 t.o 20 hours were required before stable e:nf values were obt",ined. 

Heat Capaci ty and Sntrop¥ 

Cp" at 298.15 K is ototained fro'll the process ~lgC12(c) + 2 NaBr(c) ::; NgBr
2

(c) + 2 NaCl(c) by assuming l\Cp~ is zero, A 

compdrison of the Cp~ val.ue (17.49 r;ibbs/ruol) with -chose for other' alkaline earth dihdl :'des shows that It is reasonable!. CpQ 

dclta above 300 K are estim,tU~d by comparison. with similar data for 

Several estimatei;5 (51_-:101) lying in 'the r"<J.nge 27-30 eu for' 

several other alkalin-e earth dihalides sugges1: i3. Ydlue for 

is also the value recoTIunended by Kelley und King (lQl and NBS 

He 1 tin)"; D~~g 

.:md Ca.I2 (1)· 

have rep0r1:ed. Availa.ble (,xper-imental data for 

M);Br
2

(c) near 28 ell. ':Ie tentatively adopt this value. It 

The vahle of" Tm is that c1etermLned fro'!' cooling curves by KeLlner (11., !J!). ':'he unce.rta.inty in these measure.ments is 

probably nedI' :!: 15 K. 

tlHmo is calculated from d {\Sm~ :: 9.5 eu by mUltiplici:ltion of Tm. !.lSmo is ds!,;umed the same as that for CaI
2 

(~) which 

also hus the h(Oxugonal Cdr? struct.ul'€! <lj). Kelley (l§.) obta.ined d valtH, of tlH~',Q equ<"Jl to 8.3 kc.al/mol from an dTlalys.is of 

phase diagrams fop tile systerns I1gBr 2-!1BdM :: Nd, K. ~) <lnd t-lgBr 2 -l..iBr (.!2). However, he implied ttliH the value was sOlne~lhat 

uncertain. Furthermore, i.t: is noted that severdL C\HmQ val,,"~s listed by Kelley for othep alkaline ear"!:h dihalides deviate 

considerably {1-3 kc~l/moLJ from those measured calorimet!"'ically (ll). Thus, we prefer the est.imated vdlue at this time. 

(See also MgBr
2
(O tdble Heat of [ormation Section.) 

Heat of Sublimation 

See MgBr
2

(g) 'table. 
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Magnesium Dibromide lMgBr 2 ) Br 2Mg 

(Liquid) GFW - 184.113 

T. ~K 
o 

298 

)GO 
40Q 
5JL 

1800 

-gibbs/mol---_ kcal/mol 

CpO so -(GC-HOzsl!){f H~-H"HII 6HF ~G!" Log Kp 

~ 7 • 1,,)6 35.971 3?J71 ~OOO - 117.2lJ - 114. -(Sf 84.119 

17.':>4C 36.079 35.Hl .on - 117.222 - 114.741 83~589 

~j.470 Io! .Z60 36.6Tl 1.836 - 124.272 112.450 61.440 

1".2:'9 ... 5.449 ~8 .021 3.714 - 12'3.919 - 109.534 4r~811 

1':1.4(':;' 46.960 39.')5':1 5.640 - 123.550 106.6<.)3 38.663 
41.124 7.60~ - 123.111 - l03.913 32.443 
4.?69~ D.lO') - 122.292 - 101.223 27.653 

2-<, • .))J 5tJ.2Tl 1.4.265 12.6(J5 - 171."':11 - 98.639 23.953 
- ~-:,-. -:J-)-;'f - ---Z5~~O~ -----;;?:. -j-O-O-- - -- -[5: 1 05-- - =-- YD.-.-rfo-- -:.: - -9 5:966 ------io.-9"jj 

lIL9f4 'H.326 18.542 
- 121.204 - 90.756 16.529 

120.462 0/:1.246 1'0.836 
- 150.112 8?318 13.319 
- 14-:.,.-.-017---.:--'80:729---- -Cr:f62 

7'5.':::JO 12. ~')::. ;';.!HQ 30.105 - 147.923 - 7b.211 10.410 

!4.l7G 54.191 32.60') - 146.830 - 71. -/62 9.226 

75.':199 5{...J91 35.10'5 - 145.738 07. 319 8.181 
76.9::'1 57.159 3 7 ~ 6'0-;, - 144.64& (..3.054 7.253 
7~. 233 '5t1.ldl 40. 1 O~ - 143. 'j~ 7 - ')8.790 6.424 

June 30, 1966; June 30, 1974 

l".AGh'"ESIUM DIBROMIOC CNgBI'2) 

S298.15 ::: [35.9111 gibbs/mol 

Tm ::: 984 !: 15 K 

(LIQUID) Grw ~ 184.113 Br 2Mg 

Tb (to monomer) :: III 31 K 

Heat of For'ma t:i on 

llHf29S.15 ::: [-117.210J kcal/mol 

6Hm e 
:: (9,·4 :!: 1.0] kca1/roo1 

tlfiv· = 35.6 kca.l/mol 

uHf" for the liquid is derived from that for the crystal by addition of lIHm~ and the difference in the values of (H934-

H;9S) for the crystal and liquid. The derived value is supported by resulLi obtained from an equilibrium study ()) of the 

a..11ion exchange Z"'euction 0.5 MgBr
2
(t) ... HCICg) ::: 0.5 HgC1

2
(l) .... H3r(g). A third law analysis of the Kp va.lue reported for the 

.equilibrlum at: 1073 K gives Mlr
298 

:: 0.05 kC':ll/mol which leads to 6.Hf(£) :: -117.2 kcallmol. In the same paper, Toguri Pot al

(1) r-eported similar data fer the chloride-bromide salts of Co., K, and N/:!o These results lead to l!.Hf values for the molten 

bromides which sho!./" devia.tions frem adopted JANAF values (1) of no ltIQt'C than 0.6 kcal/rrl()l. Thus, ,'lItho ugh the exact agree

n:.ent in the ~HfG values for HgBr
2

(O is fortuitous, it does tend to substantiate our thp.rmal data. 

Heat Capacit:y and Ent:::'opv 

Cp"" for the liquid is estin:ated as 25.0 gibbs/mol by an<:l1ogy with measu~d Cp~ data for molten CaBr2 and SrBr2 (.!). 

value is taken to be cons"tiint a.bove the assumed glass 'tr<'.nsition at 700 K. Bela".. 700 K Cp" is tha.t of the crystal. 

S298 is obtained in a manner analog,:.us to that of the heat of' formation. 

Mel ting Data 

See MgBr2 (e) table. 

Vaporization Data 

The 

Tb is the temperature at which llGr for the process MgBr
2
(O :: HgBr 2 (g) approaches zero. lIHv" is 'the difference in the 

hea.ts of formation of the gas and liquid at Th. 

References 

1. J. Toguri, H, flood, and 1'. forland, Acta Chem. Scand . .12,502 (19(3). 

2. JA..'-iAr Thermochemical Tables: CaEr
2
(t) and Sr8r

2
{t), 5-30-711; KBrCl), 3-31-67j NaBd.t), 6-·30-81;. 

Br 2Mg 

"'" o 

n 
::I: 
:r;. 
VI 
m 
m ..... 
:r;. 
!"" 



~ .., 
:T 

~ 
n 
:r 

'" 3 

'" ~ 
1:1 
Q 

P 
< 
£'-
, ... 
Z 
? 

oQ ..... 
'" 

Magnes.um Dibromide (MgSr") 
G 

(Ideai Gas) GF1.,! 184. I 13 

--lI!ihbs!mu!---- kcalinml-----

T, -K CpV ~~ -H;--It-~:tl»rr H<>-n02~ ,:lHf' 6GI~ l.o~ Kp 

.J,J'J PJFj',1 3~ ::> citi :'0 ~ C;.l3 I N.F I Nil E 

[,I( 

2-/1'. 

}(H' 

I,J:) 
.,r;( 

ll)" 

~ j J" 
;".J" 

H .. ,;O , 
l'!.)'-

1.";:"(, 

" :..: 1 ~ i 

;'.>.jl 

.. (01) 

"'J~,. 

~) <.j ,) J 
';,,:, ~'J 

1 ... ·)5.; 

! " J .. ~ 
,.,-j,",' 

[,."' .. 1 

'-,f.l.'l] 

71. -I?? 

rZ.'.h)C) 

(b. ~ )<; 

7',.'>1,7 

,,,',I 1-,1."d';l 
• 7 1 ., b" • .c;, ~ 
.T')1j db.?"\ 
.f<J() .:.f.',/-1 
• J ,) 'J I~ '-J. ? ~ Ci 

:' •• ", _') </'1.'11<: 
1 .. ,<),·) ')2.12.5 
l' •• ;,,,! ',J.'.ll 

\'0. "'/c.. 

' .. ~ {; ',( . " ; .. 
'-j";'.z.'.{ 

... '" 11 'j". J~~_ 

',";.:Jl'J 

l., • '-' ,",~' 1 ;, r) • '-,:, J 
: •• ,", lJl.i'.'I 
,,,,,j.,," lu,.'.)!' 
j-,."J{ 

,.,-" 

1 •• :),.' 

',. '/1. 

; ... ,.," ... 
["',,, 

.! ..... -", 

: " ~', ( 

i •. \"-' 
:-" ~)1 

i.',. ~,,,:j 

),. 

I •. 
1·,._,." 

;<".J9'1 

>'.',). 
"~On} 

]""''', 
:'" 
1 ~. 'I )"! 

c~, J'.' 1 

~ " • " J 1 
•• ',Jl 

I:)t) 

j l'-'. (~'~ 

',.")'1) 

l(-t,.-\ii, 
1 ~ ,-, 

1 
.\1 

10{.U! 
~ : • (l " 

t /.7 

l¥tO.'o,,1 

;72 
',.f)'! 

Ij6 

i1 
L~. ::6"\ 

1[ •• 2)" 
Ill.':>':> ... ' 

t12.il., 
: 12..-;,?-') 

1 i. ~<. 1 "v 
1.3 ... 61 

I . .:). ()<.> 

f,.·F,') 
'Y.j,'" 

1 ~ Co • '" cl 1 

).1'-'" 
5.413 
~. 0 12 
". <) ~ 7 
".t7" 

- '::.61':< 1",.7d(, '{ J.041 15'J.o3Z 
13.~~1:I - 1._'06 ,,',.2·.,;1 - rr .2~1 
1:.-l.!2 eGO') tz. .f,C),) - 1;10.0<:.06 

11."1.-:3 
-(2.-,7.' 
1).)i6 

(',.f30 
7~ • .HI 
-U. J'1'rJ 

n.LLI 
"'.21.;'.> 

S2.1";"; 
1--" ...... 1 d->-.-,-,)-j 

d',.,20 
'" -; • ~ 'j I 
c::>.J5,} 

'0. 
3-(.2')') 

df.Jr,. 

d,.·)t.', 
';1].11-, 

.><: 
) .12 

.0J 

.il 

'-,2.'l1() 

S 3. j Ji 
'! ~. {yt, 

,,4. [y', 

'/4.:>')1 

'/'- .... 7~ 
')';>.3'<(.; 
'):>.fl:J 

-/'.',;;1 

'I;;,. 

'11.12" 

'I".J'{ 

-,:t.;I-o-;: 

'i3. I ~', 
C,';.2Z l 
'1'i.,:»2 

'"1'1.774 
:::,J.J':>') 
OJ. ~ I r 
(j,).-,('01 

UJ •. n' 

1(,l.U) 

!.'Jl.j;"i 

:'(,1.:10':' 
1" L. 32:.0 
IC;:.:;02 

.()26 f2.·,U': ou.,'ll 
I. ~ .. d 7';.6")0 oL46..1 
2.~'-1~ - 7'.':<.:!J - :'ll.4tl2 

/,. ':>0 - ct ). l,,~4 02. 'i d:, 

':I. t'o 1 .. 2 63.4(,') 
r. y) 'hJ.~d'j - (:13.935 

("; - :J'J.1.o 71 ll/ •• 3(:)0 

1 d. ~') .It.. d 1'J - 8' •• 611 

- i J. ... ~l 81, • f':l4 
d4.')43 

a".Jru 

t-:/. 1(.>2 .(;)0 - dJ.',~,l. 

."!~ - {:l. ,Y4 

13b - 1. d\'l n. 
;~ _,. t.2 , ." I 8 - r 4 ~ 
2 '>. 11 \ 1 • ''.1 - U. 1 36 

L "'." '1'1 Iv. [' ~9 
.: ,J. J~j5 L )""l - (, r • ... tl~ 
t."j.:'?/.) u:'.9iO 
jJ. 'J6', J. <, .. 0 t.:..tI ....... 

''':.',':d 0;.179 

3! .1)21, 
"} 'rJ. ~ 1 J 
3'i.-j'H 

44.4!:.>f 
4').'151 
,,7.,.1.6 

4j.Y,j{> 

'50 .... 25 
':>1.'1l':i 
:i 3.'<0) 
~l,. H"'; 

';oJ. it!"'> 

',l.dI4 
,)'1.56 .. 

.-.t.."3' ... 

(, 3.cl<1f. 
() -). ~ 2 (, 
(>~) • d 1-
/,6.JU'< 
bj.7'-,4 

-':.2':1.', 
{Z.n4 
7·,.21A 
("j.7S'" 
17.244 

7-1.3l, 
80. i4 
':1\.14 
9 3. 04 

1 :l. ,''1" - :"!. -( I', 
;.21.'1 - 5Lbsr 

1 i.I"Z );.01.11 
-'. "",) '.>:>,"'.4 
:l.jJ2 - St.f"d 

1 ~ '-. 'I! 2 49 ... 42 
ill.'.!!, - 47. 
:. ~ .' • tl"J " 

4j.30l 
(61 - 41.2'::>'1 

- lU.ij'} - :Vi.?!7 
11 ~,,-,~2 37.1 f':) 

;lL.'~':>J - 5~.l34 

3 ~ • l; 46 
31 e':J:.od 

_.5-,.') 2'J.Cit 
,_ .::''1 [ lO.'103 
t. ?'1() 24.'>4j 

"- .60'J - 22.'1C'3 
t. ",j2 20. -j/.>4 

! l L • (}w" - ~ B. ~Z 3 
1:Z.7J':l 

- 112. /r4 
ii"'."50 
11<'.'tJU 

: ~ j • .; J l 
I.LIJ', 
111.2<'1 ' •• 5'JB' 
I. ). ~")3 2.·,(,2 

- Hi .... "" .l,O::' 

:'.tol 1.0':>1 
- 1 '.,'l~:l .L 717 

1:, .0:;.... 5.7Itl-
- 14.2.:.0 7.d .. d-

I-~ • ""0 ..,. 'J I 1 

Jl.me 1":J6S; ,Tune 30, 1'~7 

8 i,.'.16 
"";.150 

:'b.d'J2 
44.1/).! 

-J6~ 0'.>3 

)Q.221 
,n.OM) 

1 ~ ~ ','i4 

16.04 f 
l:..,.fJ 
14.31)1 

10.9':1':> 
10.:":,.1 

'1 • .i65 
d. 'J 37 
I. e~n 

7.1..'11 
C.,.,}, 

b.2os 
).;)1,. 

'5.'."'l 

',.;)1-1 
',.btl r 
',.14..) 
<".()3,) 
';~ 7:.l. 

3.4:'1;> 

5.2-:.7 
3.0;)3 
2./;1) 

2.SN" 

2.3 .. 1 
?1,,0 

1.1.>'17 

• :> .. f 
.(.04 
.7I:.t> 
• LJ$ 
.:JU 

_,j';l4 

• fBJ 
e 6 71 
• )06 
.I,ob 

.1So 

.100 
• w16 

~ 0<>" 
.1-d 
.2Ul 
.291 
• jo1 

11AG1;ESIUI1 DI a,zQ)'UDE WgH!'2) (IDE;<,L GAS) Gf;.J l3q .11-3 br 
?oint Group ( 

S2":JS.15 :. [71 9 t 2.0) gibbs/nlol 

Gl'f)W1Cl Std1.e QUc!JlTUm ",:eight = [1) 

\iib~cn onal :r'\f;quenci<.:<, e.:Ld Lief'ell1.::rdCios 

bOlla Distar,er;: Mr;-!:lc = 2. !. 0.03 /\ 

t~G1:a1:ion.l1 ConST~lnL: ;:; I '). 019;;:5 J Clil-
1 

w, 

[179 ](1.) 

[',o)(n 
lJ:JO (1) 

Bond hngle: iJr-}lg.-I3J' 1.100° 1 

:t,:' ,~cc!l/lWl 

= --7'2 I, .t 2,5 kca.l/mol 

L) = 2 

lie<l.~n9J fot'llUltion 

Mll"298 ot the gas o!H.:.dn(;d LluHI ~"'"'"t: of the crys1:-iL ,j !. 1.0 kCill/nlol, 'J'lt" s~lected Value 

fol' tt,,,-! tleat suuLin, .. J"l:ivn is derivec1 I'>o:S 0.:1 t5 a JntiSS Sp<2Ctl C"lfl)310n 3tudy :::;y 3erko"",itz .:mC J{ctl'qudl't 

r,k'~;S SPQcC::f'ill r-s::il,l·t::;. 

CJbt<lincd a ~,econd 1,,',,/ JHs ~::"~O~:~~: ~~:~:~~:U::'t (1-) ~i::~n~fi~I~BI'1 ~~~~:~ ::::~s~~~r'~~h: :~:~~~~~0~1.::~·e bOO 

:; KCa':'/mol at 75~ ,".(. 'f),is v,:ilu<.O )"'nl.;'n correcte'J 1.0 298.1S K f,ive~ 52, II k( dl/~l Absolu (:~ p<lt-ti,;l.l pI (?8SUn!S 

,~8re K by "the ion CU!'(,2nt dur'ing compl.ci:t; "J0.latili;:;dti?D of th", ~;d.r!lph" A 'ctdrd 

laW' <-lfl..1l.yt.iB 01 

vdlue oDtained 

vd1ue of Llf):O;;;J8 

d su')li,;ldciuD equ,,,} 5,J,4 ,,,,;cul/me} i.:; (';ood <'q;N;elllt,nt <..,r1.":1l "tIle 

the S(,CO"C law. l'h", criit in tIle th:i:."J law an"J.y~is 

aVE!t'<ag02 of tIIG~t: tw(~ ['esulTs. 

lh,,;dt C .... J.tclcit'{ c--.'ld J:nt:t\]'A~ 

.v ,;;,u. The sclec.:t!d 

bond le:,gth i', the fl'c.ctioll flled3uren.ent",3 of A"i"hilJ dDd SpiriGOllOV (.}.). Theil' di ffr<:ction I;a-::terns 

for' 1111l:11-'2 '",e1'e Oiil-cisfi1ctol":ily <~:<pl.d.i.ned of .::l IllltOl.!' :nod:::1. Klemp,!r't::" ct 

qU<.oo'rupole e;{Vel'int":Dts GJ: :,.,ver.:.l syrfJfletrical tri",torni(~ ;Jihalid"'s in .::lr, 

pO:';S"S'l po.tr'll1clllE:Dl: cip0.L8 geOJ:'t:tr'icc. of 

fbyes {~J who p':lint~d OLlt th<:>t T;"""lc 1 ll),,,,,l' lOl'rn 

e:,:pecr The (") 1 in8rl:id 

::;UJ,u;)dri:::<Jd Dy 

one would 

~tr'~1:c!ling, fpc(~u",,,L"" (')3 lias obs<.:rved ';'r; the in!('er",d ~'_bsoryti.on ~:p",cry'um or' t!.dSCOU;:; 

cdiculaTed from f();'ce eOhsT..J..:)ts 
- , ;-!gcr::. by r3n(lall et u1. (2), Th'; SY!!1H.81:r'Lc c.tl'ei:chint, (":,) 

by tl1e vi11c:ncG m""thoa <.~). TI,,,, ~,b:SE:r'led h'8quency le,:u:ls k = :: I'll] ern -. t\ compdL'i~,o:\ 

;)i v.}ues for the r<;ltio 01' th,! :''C:cc<l:ch 

[lOG J, 

bS:1":d 

val ::n:.::~ t:c~'O~o:h:b~ ~,~~ar'T:~: e~~~:: atCl~~:~ :::i: :: ':e~) ;6~:~r ~ (:-~: i: :0 3 
dynes/cr.., or lineal.' is pu".-lible 'c"at: l:ile ·.Ia">J(; of tne ratio could Do::! 

«.:; J C)\-J ciS 41. PI'"':-':::' t,'lc lower vJ.l.h" of- \'2' si.nep it is 

"'ol,sistt:nt with the observed value tor dQ il,,;luc,~ i.n "thl.O u~u::ertainLY 0; the value for 

th7 possibility t!\aT the lll.gner .... J.lu~ BX'ewer et iJ.1. c.£.) 
rr<:'quenc.ies for' t1gCl~ ,md 

u2,<;::(i '" vaic.:2 j-or th,,; 

By co:npdrisQll \~.i. th th0 ODserved c: 220 cm- 1 , ~9) 

;Q~ is this hig)-, hrdSt:lO'l il.Jld SvCttS0v (J]) ndV\.! \! 1 :- ar,d ll!!: 

1118 ground stdte is to be singlet by anal")g'j wi,,:h tnat for "Duel" (~), 

R,"! I:i r'1~.E.~52 

LI, E~T'kowic; <.I.nJ ,I. K. Marqc','1.rt, 1. ChE<ln. Phys. )...7., ltlSJ (1952) 

BrcwCl', G. ](, SOIli':'j,~ju]u, and E, br<>.ckett. Cher~. I~evs. _~~., III (ll.l6:.l) • 

p, r\, AJ.:~shin ar,'j V, p. S?ir'idOnov, Yrl,,;TdUQgrafiy.:o 1,4"2 (1957), 

i{narton, !,. tl~I'i, <,nd T"I, Kl.E:mp2{·er, ,T. Cl"\em. FrIiS. _~~, 207: (1933) 

5, BiicnJer, J, i... STa.uffc.C", and b\', Klempet'8t', :So AIl.e:r. Choill. ~ot.:, ~.Q, 4S4lJ (l9GIl). 

6, t:. 1. Hayes, J. P~;y3. :::;"(OITI. 22 . .3740 (1":)[,5). 

7. S. :'. Ldndall, f. T. GI~t::n", and J. L. ,J. ?hy:;. CheCl, ~, 7':.3 (1959). 

ratio 0'=' 10 and obta:Lned \)2 .:: 

is; wnlikely tha1: tr.<= value 

l.h15..:'d on force constant 

8, G, HeTzber(3, "lnir'dr'ed .dna Ral\'!a.n Sp8CTra ,1 Polyatomic ~lo1eclJle:;," D. Van Nos"tr'r..nd Cu. In:::" New York, 1.~G2. 

:l, J,4lU,F Thcrmocn"mi':::<i} Tables: HgCL,C.Q.), l:i'-JJ -D:J; CaB::o..,(;;;) and .3r~r..,(~), S_3G_7 L;; KiC"2tg), 12-31-12, 

10. A. SDel:;on. J. Phys. Chem, lJ._, 
1.1. K, S. Kr'd~;nov and V. 1. Sve"tt:>ov, L::v. Vys;:;hikh Uchc:!.Jn. Za.ved(!nii, Khim. i Kr,im. 7o::khnol. §" lG7 (1%:::). 
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Magnesium Dibromide Unipositive Ion (MgBr
2

+) Br 2Mg 

( Idea 1 Gas) CFI'/ 184.11245 

T,OK 
o 

100 

:~UO 

400 
500 

800 
900 

1000 

3000 

3500 

]600 
3700 
)800 

4tOO 
4200 
"0300 
4400 
'.500 

4600 
4700 
4800 
4900 
5000 

5100 
5200 
5300 
5400 
5,00 

bOOO 

~~--gibhs/mol----~-~ _~_~_kcalJmol __ 

Cp<' S' -(G~-H~2SII}rr HO-H"r.II~ 

1' •• 174 

14.1d1 
14. /,6, 
14.1110 

4.696 
4.749 
1 •• 71J4 

4. dO~ 
~. t\:? /) 

14.b64 
14. ;'!6'J 

~4.tln 

14.fl77 
tt •• 6d() 
14·.38:;
If •• i3f34 

". 

\i •• a?2 
1-' •• U94 
1 1 •• 395 
14.896 
14.8'.;7 

l' •. 89d 
14.400 
l' •• 9Jl 

1/ •• '}03 

11 •• 936 
1',.942 
14.949 

14.956 
14.":164 
14.":112 
14.~81 

14.991 

1"i.:JJI 
15.012 
15.023 
15.03'.:. 
15.047 

.. 5.iJ60 
15.014 

76.070 

76.957 
tn.Slec 
!:J4.32:' 

86.991 
I:l~. 261 
<J1.2H 
'120901 
'14.543 

95.956 
97.248 
98.437 
9',1.538 

100.,64 

J I) I • ~2 4 
102.426 
1·]3.216 
104.081 
104.8"'4 

10:'.570 
106.263 
106.925 
107.558 
lOb.lbh 

108.7?O 
109.312 
109.854 
110.377 

Ill.370 
Ill. 84 3 

/9 

113.5',18 
114.007 
114.405 
114.192 
1 :5.170 

115.5:H1 
11 '),1:198 
116.249 
116.593 
116.929 

111.257 
! 17. 579 
117.594 
118.203 
11 S. ,)J6 

113.doJ3 
119.094 
119.380 
119.661 
119.937 

120.208 
120.415 
120.737 
120.995 
1n.249 

76.:170 .000 

76.d70 .026 
7 7 ~ i,30 1.460 
7d.49b 1.914 

'< •. 697 ft.3f:l0 
l;jO.906 ').853 
62 ~:J 7 7 
~L\.1~4 

84.252 

as ~ 2 53 11.77'. 
86.19<} 13~ 259 
87. )95 14.744 
81.HS 16.230 
88.753 P~717 

8'1.'.:>21 1 q~ 204 
90.254 20.691 
90.954 22.17'1 
'H.624 
92.266 

92.882 26.644 
93.475 28. t 33 
94.0 1,6 29.622 
94.59'5 H.Ul 
95.12.6 32.600 

95.639 3':'.089 
96.135 35.578 
%.615 31.067 
97.0tH 38. '.>5f 

40.047 

97.911 '"01.536 
98.391 43. 026 

44.516 
46. 007 

99.608 41.4'97 

99.~91 48.988 
100 • .164 50.418 
100.'28 51.'170 
101.08"- '53.461 
101.431 54.953 

101. "171 56.445 
1 02 ~ 103 ., To 938 
102.428 59.432 
102.146 60. '126 
103.J~7 62.420 

103.363 63.915 
103.662 65.411 
103.955 66.908 
104.243 b8.406 
104.525 69.904 

104.802 71.404 
IOS.C)74 72.905 
105.341 74.406 
105.604 75.909 
lO5.a6Z 77.413 

106.116 78.919 
106.365 80.425 
106.611 81.934 
106.852 83.44 J 
107.090 84.954 

June 30, 1971.! 

6HI"' 

114.800 

1 74 ~ 791 
161.668 
168.294 

168.700 
16~. OB3 
109.435 
169.753 
167.913 

168.189 
16a ~440 
168.6&4 
l3a~497 

tH~076 

139.653 
l'>().230 
11.Oa807 
!41.384 
1'~1.959 

142.532 
1'.).105 
143.017 
144 ~ 248 
144.811 

14'.i ~ 3t14 
14<).9,0 
146~ 514 
1(.1 ~078 

141 ~ 639 

148.195 
148.751 
14'>.303 
1'.'1.853 
1')0.3<)7 

i5::l.936 
151.471 
152.002 
152.526 
1'>3.043 

153.553 
154.0':>1 
154.553 
155.041 
155.518 

155.987 
156~447 

156.B95 
151.334 
157.760 

15t>.175 
158.579 
158.970 
1':;19.345 
159.712 

l60.063 
100.399 
160.723 
161.029 
Ibl.320 

AGf' Log Kp 

163.572 - 119v901 

- 119~ It L 
- 88.066 
- 69~ 701 

157.657 - 57.421 
1.55.786 - 48.639 
153~861 - 42.0)3 
151~896 - 36~8aS 
150~079 - 32.800 

148.280 - 29~460 
146. 1.::'8 - 26.674 
144.616 - 24.3l2 
143~240 - 22.361 
143.555 - ZO.9tb 

143.836 - 19.641 
144~ OEl2 - 18.523 
L44~ 2'11 - 17.519 
144.4-;0 t6.61B 
144.617 - 15.803 

144.134 - 15.063 
144.827 - 14~ 381 
144.894 - 13.768 
1'.4.934 - 13.l9S 
l.l.4.950 - 12.672 

L44 .. 945 - 12.184 
l44.916 - 11.730 
144.867 - 11. 307 
144.600 - 10.912 
14' •• 711 - 10.542 

144.605 -
144~4 79 -

144.335 -
144 ~ t 79 - 9.266 
}44.004 - 8.992 

143.813 - 8.731 
143.608 8.483 
1/.3~ 390 - 8.247 
14J.155 - 8.022 
142.906 - 1.808 

142.641;> - 7.604 
142.374 - 7.409 
142.091 - 1 • .222 
141. '95 - 1.043 
141.490 - 6.872 

141.175 - 6.707 
140.849 - 6.5lt9 
i4Q.Sll - 6.39.t1 
140.166 - 6.252 
/.39.811 - 6.111 

139.442 - 5.975 
139.073 - 5.645 
138.699 - 5.719 
US.301 - 5.598 
131.916 - 5.480 

\37.515 ~.3b7 

13 7 ~ 1.15 - 5 ~ ?51 
13b.701 - 5~ 1 51 
136.286 - 5.048 
135.855 - 4~949 

+ 
(IDEAL GAS) GfW ::: 184.11245 B M + 

r 2" ,g Mft.GNESIUM DIBROMIDE UNIPOSITIVE ION (MgBr z of') 

Point Group [Dmh ] 

S298.15 :: (76.9 ~ 3.0] gibbs/mol 

Ground StClte Configuration r 211 J 

lJ.HfC; :: 176.7 :t 6,0 kcal/!1'.ol 

tlHfi98.15 ::: 171.!.8 :!: G.O kcal/mcl 

Heat of Formation 

Elect,!'onic Levels and Quantum Weights 

SL:fte 

~ 

'n 

" 

-1 
'-i' em 

(25000 J 

[ 30000) 

~ 

Vibrational frequencies and Degopneracies 

Bond Distance: I1g-Br::: (2.5] A 

w, em 
-1 

(150Hl) 

(50 ](2) 

(i.l~0](l) 

Bond Angle: 

Rota'tional Constant: Bo:: [0.01560] cm-1 

Br-Mg-Br :: (180]" " , 

Berkowitz and Marqui:Lrt C1:.) hdve reported the appearance potential of MgBrzof' 10.6 5 :t 0.1 5 eV(245.6 kca1/mol). As-

suming this value :r-efers to the direct ionization process MgBr
2 

e.g) '+ e - :: MgBrz + (g) + 2e -, we obtain +, g) ::: 176.7 

:t 6.0 kcal/n:ol by combining it with ::oHfO (MgBr
2

, g) ::: -68.9 !. 2.5 kcal/mol (~). The corresponds 

to Il.F1f298 :: 1711.S kcal/moL 

Heat Capac i. ty and En"t!'opy 

A comparison of the dissociation en~r'gy COO =- 91.0 kcal/moU for MgBr2+ with 'that for MgBr2 CDo :: 160.3 ::.teal/mol, .V 
suggests the existence of somewhat weaker bonding in the ion relative to the molecule. Thus. one would expect the bond 

length in the ian to be greater th<L'1 that for' HgBr
Z

' We assume d 10% incr>ease in for the ion. Th~ cOl"'relation diagrams 

of Walsh (1) predict a linear configuration for' I1gBI'2~(fifteen valence electrons>, prediction is suppo".«t.ed by the fac"t 

severl:!l othe" fifteen Valence elect!'on molecules (B0
2

, N)I NCO, and NNO+) aT'€. now known 'to bE~ linear (~). We adopt a linear 

configuration fo".« th~ ion. 'The mcment of inel'tia is 1.7938 x 10-
37 

g em2 . 

The vibrational iH'€. estimated to be 5li ghtly less chan those for l1gBr2 (1). The ground state el~ctronic 

configuratiol1 is assu.med to he by analogy with tr-.ose fot' th~ isoe1ectronic molecules (I) B02' N3 , NCO, dnd N20 Two 

excited s"tiites are also included based on those observed for 80 2 (~). The enthalpy at 0 K is -3.591 kcalfmol. 

References 
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2
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Lead nibrol11ide 

(Crysta I) ':;1--,'/ 357.008 

T, "I<, 

100 

,00 
400 

500 

600 
7'00--
,o0 
900 

1000 

----gibbs/mol -

Cpo S" -(CO-I-f'~H)rr 

.0:)0 .000 1~~FIN!H: 

16.300 19.023 ')4.':15:' 
31.047 
38.')11 

l').OZA 3?-.62R lA.51l 
!y.l.20 44.1,6 39.262 
;>U.240 4f:j.573 40.696 

W-H"291f 

- 4.'597 

- 3.583 
- J.SH 

• ODe 

.035 
1.9':17 
3.',l39 

kcal1mol 

"Hr 
63. J94 

- .. 3.411 
63.49'" 

- 66.300 

h6.110 
13.2 BO 

- 72.fl54 

11arch 31, 1962; Dec. 31, 1973 

t3rlb 

'Gr log Kp 

b, .394 INFlr>ol IE 
- 6'3.20f> 138.137 
- &2.934 

.'-,2.117 

- 62.292 45.380 
- '59.501 32.')10 

'56.106 ;" •• 5?4 

LEAD DIBROMTDE (PbBr
2

) 

38.51 '!; 0.5 gibbs/rrol 

Till 64[1 ": 5 K 

flea, of formation 

(CRYST.<\L) Grw 0 367 ,00' Br Z Pb 
tllif; ,. -63.4 ~ 0.6 kcal/mol 

t.Hfisa.1S -66.3! 0.6 kcal/mol 

b.Hm" = 3.93 :!: O,2 kcal/mol 

8Hs298.15 41. 3S kcal/mol 

c) " -66.3 J 0.5 kcal/mol is 'the rounded average of -66.350 kcal/mol calorimetrically determined by Braune 

and dbout 293.1::: K and five other values obtained from a second and third law dndlY;li3 of el!~ctr'omotive force data 

(1,1, !:). The auxilidry value tJHf 29 B'. lS (AgBr, c) :: -23.99" "keal/mol <.§) is used in the analysis. 

No. of -!J.Hr 29 &"· kca1/mol Drift -tlHf29 a-(PbBr
2 , C). kcal/mol 

Inves,igator Reaction Points 2nd Law 3t'd Ldw 2nd LdW' 

Krdhmer (1) 

Cann dnd Sumner (;!) 

A 

A 

273-192 

29& 

Jahn-Held and Jellinek (~) 288-308 

(A) Pb(c) + ? AeBr(c) ... ? Ar,(c) 

(B) Pb{c)'" Br
2

(.f.) :: 

Heat Capacity and Entropy 

17.18.!O.OG IB.S2~O.04 -?.2~O.2 -65.85 

18. S1 

65.68.!O.06 66.09'"0.04 2.0~O.2 -66.68 

3 rd Law 

-56. SO 

-66.57 

-66.09 

CpQ (l8.'~ - 297.0 K) has been measured by Latimer and Hcenshel C£.L The enthalpy da:ta of Ehrhdrclt {773-786 JO (2) and of 

Goodwin and ;{aLll\US (2ge-860 K) (.§.) a'":"'e cliscd'f'ded becauso: tile observ<:!d high Tm shows their samples were n01: pure. (See ::nelting; 

da'ta discussion.) Linsey (1§.) measured the enthalpy (39 -points) of PbBI'2 in the ranEe 319-424 j( using dT! ice calorimeter. The 

he.-;.t capacity data of Latimer d.nd Hoenshel (§) is smoothed graphically. The enthalpy data was analyzed by Linsey (l..§.) to yieJd 

heat capacity values from ?13-644 K. Both sets of hQ-il!. capacity values are adjusted graphical)y in the region 200-400 K so as to 

yield a smooth curve in the vicinity of 298 K. Th~ adjustments .".rB quite sJr..J.ll such that the resulting enthalpy at 600 K differs 

by about: 7 cal/mol from the smooth enthalpies reported by Linsey (L§.). The data :::,f l.insey '}&) did not indicdte any transi Lions 

other t"han t:he solid-liquid transition at 6114 J(, 

Latimer and Hoenshel (§) obtained 8~S.8S '" 2.t. eu after allowing for an approach to 'the r3 rulo.'~. Kelley and King (12) later 

derived Si7.90 '" 1.64 eu from the same data; this value is adooted. Combining this with :: 36.883 eu derived iI'om 

the cldopted CpQ value gives 529B.lS : 38.511 .! 0.5 eu. A. graphical extra!='olation and ,;117.80 - H; = 0.02:'2 

kcallmol. Thio; value may not bt: eTltlrE~ly consi~itent with thl! ddopted 8 17 .
80 

vdlue, but the error involved is undoubtedly small. 

Melt:;ng Dat:a 

The older reported values of 'fm have been sUfmnarized by Mellor' U:1). Seven de'termina,ions fall in 'the 636-653 K !'ange and 

four more range fPOm 753 to 772 K. Included in the hip;h melting range ,J.re Tm = 763 K by Ehrhardt (2) and Tm :: 751 K by Goodwin 

and Kdlmus (Jp. Knowles (ll), su£gested that contamina'tion of 'the PbBr
2 

by PbO probably caused the high melting temperatu'!:'es. 

'Yh.e enthalpy medsurements of Ehrhardt <.~) and of Goodwin and Kalmus (~) dre therefore judged no-r to repI"esen-r ?bBr Z' More 

recently, Blanc and Petit (11' hdve reported Tm :: 640 K and MilO::: 4,95 kca1/mol from a cryo;;cooic investigation. A visual 

polytherm 1"echnique was e.mployed by Il'ydsov (.l;!,) who found Tnt ::: 6 1.9 K. Cola et 0.1. (Q) determined Tm = 6411 K by differential 

thermal analysis and tlHm - 4.1,1 ~ 0.07 kcal/mo1 by differential scanrlirlg calorimetry. The enthalpy study by Linsey <l§J gave 

Tm::: 6L:lj K and 1H1mQ ::: 3.93 kcal/mol. I<le adopt these latter two values. 

Heat of Sublimation 

'il.35 kCdl/mol is the sum of the heat of fusion, the enthalpy difference of crystal an.d liquid between the 

melting and 298.15 K, "md Uflv
29S

' See PbBr,(g) table. 
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L_ead Oi oromi de 

( L i qUi d) Ge'l 

Q 

100 
200 
29"l 19.0/0 41 • ':' ~'.'l 

300 41.676 
400 47. 2 l~ 'i 
500 ?~ .!;lOO '5).1.:16 

Jf>. 

" OJ 
19 

a2.62R 

1 :'>00 
! -'OJ 
19,)0 515 
19l)0 

2000 ~b. 

:)67.008 

-kcal/lllUl------

f("-!rZllN dHI" !l.tjl" 

41. S'.>8 ~ QUO 63. <)1 3 6CG'33'-1 

41 .5~B 
42.30e; .J.3"?> 
.. 3 .'109 1·.632 69.761:. 3?6 

U.6H\ 6r.beb 4" .100 
1 ':0. l'i€ 6",6113 :'4.')96 

t f'.v3E 6S. ')44 47.201'1 

<;1'l.7:)3 2>;..071'1 to2 • .:90 - 35.6':>0 
bOo Z.3R Z,j.7'5f;1 61 ~3. ,,44 
61.",69 31.4HI 6:), 31.712 

34.111: - 2 <~ • a ';(, 
36. rqtl 2cl.'Jc3 

I~ 5. 39.1.7H 
'>A. 
t'> 7.919 

1-1arcn 31, 1'.J62; Dec. 31, 

Log Kp 

44.596 

'4. 
31. 
24.1 U3 

t9_~Ui}. 
l'i.531 
12.869 
10 .tlJO 

9.224 

7.'n 
1,:Yi 
5.<)<) 

'3.2:' 
4,620 

1. 

Lr:AD DIBROMID£ (Pb3I'z) 

5 29 8'.15 41.558 gibbs/mol 

Tm :: 644 '!; 5 K 

Tb llElS K 

(LIQUID) OFW" '67.00' Br 2Pb 
(IHf 29 8",lS :: -03.913 kcal/mol 

:I Hm o ::: J.93 !: 0.2 kcallmol 

£lHv O 
::" 28,23 kcal!mo1 

t) '" -63.91;3 i<.cal!rllol {s obt.,:dned from the sum of the heat of focmaticn of the crystal, the heat of melTing and 

of "the crystal 3.7\d 'the liquid be't\·men tr,e melting point <:Ind 298.1~ f-, 

obL1ined from ~ second a.nd "third law analysi3 of emf ffi':!aSUremer:'ts for' the 

three inv~:;tig",.tions ar'€ taDlIla,ed b:lo'~'. The auxiliary Y.3.1ues, 

kCdl/mol (.1), are used. The average result for :Hii"2Sa-(t) , in good dgT'eem8nt with the 

tJ.}jfO (l) can also be 

Resu1ts from 

g) = 7.387 

of -!lHr;9B' kcalfmol DT'if't Mifi9S(PbBr,,1 t), kcal/mol 

Investigator 

Sa1strom and H"i.ldebrdnd (1) 

LantTc:toY and Shevlyakova (]) 

Bloom and Wel<::h (.:.!.) 

Hea.t- CaDdcity and En'";:roJ2Y. 

15 nl_8t.9 

862 

723-1000 

2nd La.w ~ _e_u ____ 2nd Law 3rd Law __ 

73,fiO~O.10 72.lC)~O.U 9"!"'J,1 -65.19 ·53.69 

72.35 -63.95" 

7lJ.22~0. 58.79~1.63 G.3!:0.'1 -55.80 -60.38 

Ehrhar(jt c.!2) and Good' .. Jin and Kalmus (§) have repol'ted enthalDY fl~easurements in 'the li'l.ui.d tempe~atur8 runge. Their datil is 

rejec'tf'd b~~cau3e the higC! m2lt.ing point"s obs(:T'YE.G llLd1-cated 1"he sar.rples were not ent.irely PbBr 2 , See the PbBr 2 (c) table 

discussion. BizoI.Jd.:,d and Pauty (]) have n'ltMsured 25.3 !: 0.6 gibbs/mol faT' the heat capacity of the molcen salt. Linsey <.~) 

1'8por'ted a "[,eat capacity valu(: 0: 25.8 gibDs/mol ba~;ed on entn,;:.l~y mea.surements frorr. Tm to 92-4 K. This villue is adopted and is 

dss\.:ffied to represent the heat cd.pacity up to ,flOD K. A glass transition is ilS:;UTr\Eod at l~OO~K below which the heat capacity is that 

of 'the <:!rys tal. 

&) '12.66J gibbs/mol is cdlcullite1 fr::"m the crystdl entruD'I in a manner' -;:;imilar to thF.: heat of formation 

Tb 1185 X :is cillculated as the temperature at which £\GrQ :.. 0 for the rcac1'ion = PbBr2 (gJ. b.Hv
c = 28.23 kcal/TI'.ol 

is calculated as the cifferen(.;€ br,1.wet:n hiif~ at 'l'b foI' -the gas and the liquid. Bloom CJP foune! an clV(:rage valua of 

tJJ1v Q = 2S.'8 ! 2.0 !~cal!mol from ma.ss sl'ect:ror~etr'i.c studies in ::he 6GO-7~5 K I'o:!ngc. Th", present table gives llHv;OO = 34,50 

kca 1Jlllol. 

~? 
1. JAHAr Yhermoc,emica.l Tables: Pb(n, 3-31-62; 8r2 {g), 12-31-6l. 

2. I. J. Sa.l~ ... trom and J. H, Hil:1eDra.nd, J. Amer. Chem. Soc. 21, 4641 (l930). 

3, M, r. Ld1tI'dTOV and T. N. Shevlyakov<.l, Russ, J. Inor3. C]--.ew .. §.. 95" (195'1). 

4, H. 8100m and B. J. Welch, Trans. faraday Soc, ~, lllO (l96:n. 

5. O. Ehrbarot, Wied. Ann.-11f 215 (HISS}, , 

6. H. M, coo(h:in ilnd H. T. Kalmus, Phys. Rev. Zl.. 1 (1909)', 

7, N. Bizouard dnd F. Pauty, Camp. rend. ill. SH (l95l) , 

8, Bloom and R. G. Anthony, Aust. J. Chem.~, 2GOl (1']11). 

9. :::. I<J. Linsey, Ph.D. Dissertation, ~orth l'~XdS St:Lte University, 1910. 
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Lead nibromi de (PbBr
Z

) 

( I riea i Gas) GHV 357.008 

T. ~K 

o 
L)r) 

?OO 
zqr] 

,0') 
400 
':00 

"'00 
700 

1000 

1800 
1900 
2000 

2100 
2200 
23()n 
)400 
7'i00 

28":10 
2'700 
300(} 

3500 

3600 
3700 

400" 

1,100 
1.200 
4300 
4 /.00 
450a 

1.600 
4700 
4flOO 
4900 
50')ll 

5600 
5?Of) 
5.'100 
o:;qOO 
6(100 

---I!ibbs/mol - ~~~~-kcal/mol- ~~~_ 

Cp? sn -(G"-II~~l')rr HQ -lf'Z9S "H~ .o.Gf' 

.000 
1 J .901 
1,.163 
11.603 

!1.6J? 
13.7"6 
13.7Q>\ 

13. '10 1 
i3.902 
t '5. 01)) 

13.901" 
13.9')4 
1 'i. 905 
1'-;.qOo;, 
13.901} 

13. Q Ot-
13.906 
13.g07 
D.CJO 7 
13.907 

13.90Q 
13. qOt! 

n.908 

\3. 
13. "l 09 
11.90"1 
13.909 

13.90<) 
13.'lOg 
1,.'109 
13.<)09 
13.9(l9 

11.90<'1 

.000 
66.930 

'l. 

.'11.173 
8"i.lOIl. 
fiB .160 

90.I'QQ 

92.r, ,3 
94.681, 

7 

10').'146 
100.6gB 
107.411 

110.5t'. 

111.059 
111.584 
11 2.,090 
112.",78 
113.04Q 

113.947 
114.:H4 

115.l93 

117.0')0 

117.3<)) 
1 

113.11138 

11 "I. <)''14 
119.213 

An 
'4 

120.429 
120.699 
120.<;I6!, 
121.22:" 
121.t.. 79 

121 

- 21 ~,l2g 
- 21.135 

82.325 - t.321 2t 

21.029 
25.661 
30.003 
33 ."62 111.089 • 000 

Al 

'" 
R8 

9.LQH 
Q3.727 
94.384 
95.012 
95.614 

J6.192 
'l6.743 
'H~283 
<17 ~ 79 fI 
98.295 

98.776 
.:J9.241 
99.690 

1 no .127 
100.54? 

1:)0 ~9bQ 
101.3'59 
101. 747 
102.[(,4 
102.492 

102.il"0 
1 OJ, 200 
1 O~. 541 
103.873 
104.198 

1. ()4 .S16 
104. S;?7 
105.13 [ 
105.428 
105.71 9 

100.00!. 
106.2<3 1, 

PH. 349 
107.604-
! 07 .853 
1 QR.098 
108.119 

IOR.576 
lOR .90Q 
10o .03Q 
IO<).lf. l , 

ll)e: .48'<' 

.02'i 
\.193 
2.170 

4.152 
5.'536 

IS.O); 
[<".1.423 
lfJ.B13 
22.203 
23.59) 

24.98) 
26.314 
27.76 4 
29.1 S5 
31).54':1 

37.'.9<; 

38.88<; 
40.2BO 
41.611 
4.\ .061 
44.4')2 

45.A4] 
47.2-14 
48.625 
50.015 
51.40(' 

')2.797 
~4. 18': 
55.')19 
56.910 
58. :'-61 

')9.751 
oSl.142 
62.533 
1:.3.924 
6'50315 

6,<,.706 
68.0'17 
61.4AfI 
-rO.879 
72.210 

13. ~ 61 
7':1.051 
7,<,.447 

24.970 - 33.116 
32.494 35.096 
:;2.673 35.728 

3'5.134 
-- -")"S-.-3-4(j-

35.'541 
35.743 
35.9<'5 

}h.151 
- 36.360 
- )6.575 

)1,,795 

- 17 .on 

79.704 
79.849 
p.o. 011 

- aO.206 
80.420 

- 80.6::'5 
- 80 

81 
fll.490 

- RL.B07 

52 .14~ 
- 82.491, 
- 82. S59 

'31.237 
- 1)3.626 

84.024 
0 4 • 4 2') 

- ~4. 840 
- fI'S.258 
- 0?67fl 

B6 010 1 
66. S2'5 

- 86.950 
- 87.374 

87.797 

- B9.I1Ft? 

90.2'H 
- 90.695 
- 91.09{-' 

91.495 
91. ~90 

- Cj2.2)'l2 
91. h73 
9].(l5CJ 

- 93.44t. 
91.62b 

- 31',.";\20 
31'.>. ~8a 
17.02l 

- 17.32'> 
37,604 

39.488 

- 3ft. 053 
- 36.067 

34.J72 
12.069 
30.061 

28.041 
- 26.014 
- 23.975 
- 21.926 

l'1.81:.6 

- 11. 
9.404 

7.278 
5.141 
2.9<)0 
.~30 

1.334 -

3.')15 
:>. r09 -
7.909 

10·ln 
I? .}4Q -

14.573 -
16.811 -
19.oS9 -
21.315 
23.580 

2~. B51 -
28.135 -
30.427 -
3?721 
35.1')26 

170336 -
3".652 
41.'HI3 -
41" .311 
l.,6.043 

March 31. J.962~ Dec. '2., l'P:; 

t3r 2Pb 

Log Kp 

to.JF [NI fE 
'56.061 
32.786 
Z~.O !<j 

~4. 562 
19. t 7& 
t 5.611 

13.229 
11.455 
10.114 
9.064 
3.21 B 

".31] 
5.022 
4.762 
4.5('7 
4.31:' 

~. 960 
1.58) 

2.357 
2.106 

1.447 

1.255 
1.073 
.902 
.740 
.5R7 

.442 

.104 
.172 
.046 
.013 

.181 

.297 

.402 

.503 
.':199 

.692 

1.108 
1.182 
1.255 
1.324 
1.392 

1.l.,57 
1. S20 
1.582 
1.641 
1.M9 

LEAD uIBROMID£ (PbBrZl (IDEAL GAS) GfW ~ 367 .OOS Br 2 Pb 
r;roqnci State Quantum Weight [ 1 J 

['oint Gr'oup e
2v 

S;98'.15 31.(l:J -! 0.7 /l;ibhs/mol 

'\Hf; :: -21.03 ~ 1. 5 kcal/rnol 

A1rt;QB-.15 :: -24.95 ! 1. ~ kcal/rnol 

Bond Distance: Pb-Br:;; 2.6 ~ 0.3 A 

Bond Angle,: Br-Pb-Br fg&°} 

Vi'brational FreQuencies and Dsg"!net'iF[.cs 
-1 

~ 
20B (1) 

6 I~ (l) 

189 ·Ct) 

Product of Moments at In,~rti'3.: IATS1C:: [6.1+831 x 10-112 ) g3 cmE 

-71+.9~ :: 1.5 .1<cal/mol is the sum of {\iif 2'J8'.lSU) :: -03.91'3 ! 0.8 kcallmol ,mel LlHv]98:.1S(O :: 32..96- kcaJ.lmol. 

T.'1e adnpted he,1t of vapo::,iziltion is from thf:! second and 'third law "naJ_ys8s) 'tabul,Jted beloW', of S~V8n sets of liquid vapol' 

pressure m€a.surements, PbBr'2(,tl ::- PbBr?(g). The oV(?'I'aJl average for !I~IY?98 is 33;23 kcal/mol. The avercq·:e vdlue of the "third 

law is 3B.'?& kC-:l.lImol. This is :n good agreeIT.ent with both the .;;econd <inC third law values from the c1'lta of Wartenberg 

;;.nd Bos~~~ Th0 adopted hent: of fornMtion for PbBr
2

{g) yields a dissociation enerp.y of DC; " 5,42 cV for the DT'OCeSS 

PbBr
2

{g) :: Pb(g) ... 2 BrCg). 

TnvestIgator 

wartenberg and Bosse C]J 
Volmer (1) 

Grciner and Jelline:k (1) 

~ahn-Held and Jellinek (!.!.) 

Bloom. et al. (~) 

l1urgule:;cw and Marta (.§) 

B}oom and Hastie <_2) 

No. of 
Points 

7" 

11 

Equation 

Temp. 
Range K 

10013-119]: 

68li-841 

1043 

1045-1153 

79S·-1133 

'373 

9f] 

a One pc)int rejected by sta.tis'tical test. 

kcal/mol 

3rd L<j!.'!'!: 

38.05::0 19 39 ,(l?~O .1Z 

:<9.361;0.11 38.93-!O.08 

3e.90 

41. e5::5. 51~ 38,6 S:!:O. ·/3 

39 ,·56 ~r). w B 38,61:!:0. 30 

39.-13 

39,'27 

Drift 

-""
O.9~,2 

-O • .5!O .1 

-2. 9~5. 9 

-0. 8 ~f) • 5 

dimensioD3 are those given by Sutton (j!). Beattie i1nd PE'T'r'Y (}r observ8d t:he frequ~ncie.s v} = 200 cm- 1 and 

in a gas phase Raman study of PhBr
2 

in 'the pre.sence of (~x:ccss bromine; the PbBI'2 spect('\.lffi was 'Superimposed on the 

fluorescence spec"trum of Br 2 , The matrix iso1.atibn laser RaTTcan. spectroscopic study by and Vanden' Ifoet (.1.9) 
gave 20B cm- l and v] "" 189 -cJn- 1 . Experimental conditions prevented observations belo' .... 90 "Ii? expected dot about: 

55 ..... as not confirmed. 
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Strontium 

ta! ) 

T,OK Cp' 
.0')(; 

100 '- '> .-177 
20C I 
2913 

~oo l!). ~;l D 

;00 
:,OC l2< 

600 i<).76u 

rue !. J. Z 'I~ 
300 ?J.'FlO 

l100 2!.'jOJ 
1200 17.5JO 

2 

'1: ... ~oc 

Oibromide (SrBr
2

) 

GFII' ~ 247.428 

--gibbs!mol---~ ,. -(GO-H~'138)rr HO-H~79S 

.000 INFJ "lITE - 4.317 
15.52'<- 50.el2a 3.450 
27.100 )5.<;140 - 1.7613 
34.2132 )4.2132 .000 

:h.396 34.,;'B1 .034 
)9.755 3<;.010 1. B98 
44.017 %.399 3.809 

47.')1l 37.'-}7f, 5.762 
39.570 7.763 
41.1.31 9.823 

64.510 <'6.J18 ?0.27') 
06.903 47.115 23.025 
09.104 4"1.Z17 25.H5 
71.l l.2 50.767 28. '.i2:i 
13. :J39 52.189 3l.275 

.Tun!? 30, 1974 

Br 2Sr 

kcaJ/mol 
~Hr ~GF log Kp 

1(:1:\0538 168.538 I NF 1~(lE 
l63.659 - 168.325 367.813 

- 168.738 - 167.'178 183.558 
- 171.6(}0 167 .24J 122.595 

- 171.611 - 167.2L9 121.8l9 
- 11d.646 - 164.293 69.7&6 

178.317 - 160.744 10.261 

- 177.994 15L259 57.282 
- 177.077 - 153.829 4a~ 028 
- i. 77. )61. - 150~ 445 41.100 

- l i.7.084 35.717 
--':-144:0-3tt -31".-479 

17 ... 410 1101.034 2 8 ~ 02 i 
- 1n.403 - 13B~044- 25.141 
- 172.398 - 135.DB 22.719 
- 171.394 - 132.310 20.654 

170.392 129.,54 lS.tHo 

STROh'TIUM DIBROl-lIDE (SrBrz) ( CRYSTAL) en, ~ 247."" Br 2Sr 
lIEfO :: -16B.5 ! 0,4 kcallmol 

$298 15 :: 34.3 1.0 gibbs/mol lIHf298.15 -171.6!: 0.4 kOdl/rno) 

Tt ::: 91B j( £lH't° = 2.92 :!: 0.05 kcal/mol 

Tm 930 K ilHm o ::: 2.42 1; 0.05 kcal/ruol 

Hea t 0 f Forma. tior-: 
lIHs;9B,15 74.3:!: 3.4 kcal/mol 

The selected value for' i.Hf o is derived from results of solution calorimetric measurements in dqueous acids performed by 

Ehrlich et al. ep. Their results on the heats of solution of srCC) and SrBr
2
(c) in HBr-555 H20 are combined with data for 

l-lBr(aq) (1, 1) in 9. thermochemical cycle ;;0 give c) ::: -171.6 :t 0,4 kcal/mcl. In the same papeY'. Ehrlich 

et al. (l) reported similar results for three (Ca, of the dlkalin~ earth dichlorid~s. We note that these results 

have been the basis for adopted JANAf heats of formation <:,) for these dichlorides. 

Independent values fo!' llHf o can be obtained from measurements of the heat of solution of SrBr?(c) in aqueous solution. 

The wOr'k (~-]) reported in this area was done several years ago, and the r(!sults have been conveni;ntly swnrndrized by Bichowsky 

and Rossini (~), Combining these results with tiHf;9S(sr",2, co aq) " -130.45 kcal/mol (il) and £ll-lf;9B(Br-, ¢"> aq) ::: -29.039 

! 0.036 kcal/mol q), we derive 6Hf o values for SrBr
2

(c) in kcallmol of -171.5 c.?), -172.2 (.§), and -171.6 (]). Deviations 

from our adopted value are at worst only 0.6 kcal/mol, and the results of two studi<!s (~, 2) provide addit.ional support for 

the. selected value of uHf", Also, our value for lIHf o is essentially that (-171.5 kcal/mol) selected by NBS (~). 

Heat Capacity and Entr'opy 

CpO data below 300 K are based primdI'lL1y on "the adiabatic calorimetry (60-302 K) of Taylor dnd Smith (19.), These Cp" 

data shu""- an unusual leveling off at near 18.0 gibbs/mol above 245 K. We adopt their Cp" ddtd in the temperature ral1ge 

60-245 K; values above 243 }( are est.i.mdted by comparison wi"th similar data for SrC1 2 and BaC1 2 (~). Our value for Cp" dt 

]98.15 !( 08.37 gibbs/moL) is roughly 0.4 gibbs/mol higher than the medsured vd'lue of Taylor and Smith (lQ), Hut"tig and 

Slonim eli) ha\'e reported mean heat CdpdCity vi;l.lues over "three temperaturr:: intervals (55-1SS, 196-271, and 276-368 lO. Their 

measurements suggest d sli.ghtly higher value 08.8 gibbs/mol) for Cpo ~t 29B.I!:> K than is adopted. 

TaYlor and Smith (1.Q) reported S288 ~ 32.29 eu which was based on S;'O = 6.58 eu. This latter value was obtained from 

Debye-f.instein functions which represented their Cpo data to only:!: 1.B percent from 60 to 100 K. A compa"ison of t11eir 

extrapolated Cpo data \~ith those which have been measured for SrCl 7 , 3aCl 2 , and CaI 2 (:!-) indicates that the values for SrBr'2 

decrease much more rapidly with temperetu"e below 50 K tJ1iln would be expected. We h",ve made our own extrapolation to 0 K for 

SrBr
2 

by comp<!I'ison with the measured data for SrC1
2

{7.l> to 60 K), BaC1
2

(5 to 60 Kl, and CaI 2 C13.l to 60 n. Our extrapo-

lation eives S60 = B,7 eu, or :- 34.28 ell. based on the adopted Cpo data (60-300 K), OUr' value for S;98 is consistent 

witll the estima'tes of .j5 eu and 33,8 eu {1l.1, suggestine a possible uJicer'tdinty of ! 1 eu in the adopted value. 

Taylor and Smith (.!.9) m~asu!'ed T'elative enthdlpy data (293-902 K) on d portion of the same sarnple used for their Cpo 

measurements. This sample was reported to COl1"tdin less than O.1t oxide and. was inve.stigated in d Bunsen ice calorimeter. 

OUT' analysis of their relative entndlpies by curve fitting teChniques reveals the existence of considerable sca':ter in t:ht~ 

data, and no weight is glv<!n to their results. The aver'age devLat:iOrl of 36 points in a Shomatc type fit is 2.5%; the lI'.a.xirnum 

deviation is -9. n at 397 K. Also, these workers C.lQ) W0.re app<lrently unaware of the transition in SrBr2 at 918 K, since 

their data set contains only "tWO enthalpy points between 902-927 K, Relative enthalpit!s hdve also been measured by Dworkin 

and BT'edig (.l:±), and 'the results were reported in graphical form, The short "temperatul"'e interval (81.:.6-902 K) over which 

these measupements were ffidde for the a phase preclude derivation of aCCUI'd1:e nea:t cdpacitir::.s. DlNorkin and Bredig (1.:) also 

r-eported in the same pilper entha:Lpy data for three (Ca, Sr, and Ba) of the alkaline earth dichlorides. A comparison of these 

enthalpies with those adopted by JANAf (~.> indicates that their results are probably ri:!liabl~ to better than:!: 21. We adopt 

their medsul"ed value for ::: 12.37 kcal/rnol of the c. pha::.e at 'the transition temperi:!t:uY'e. Cp~ values (300-91B K) 

are then estimated by those for and BaC1 2 (~). These es"tirnates are mdde so <!.s to repl'oduce as closely 

as possible the adopted enthalpy at 918 K. OUr' Cp" dut~1. give a value of (H;lS-H29B ) ;: 12.35 kcal/mol which agrees 

with "the measured value of D'vlorkin and Bredig to within 20 calot'ies. The enthalpies of Taylor dnd Smith (lQ' 1'l"('C roughly 

2.St higher' 'than the adopted values at temperatures nedr the transition, Cpo data for the p phase (91B-930 K) are taken from 

Dworkin and Bredig (±!!.} and extrapolated aboyt! the melting point. 

Transition Ddtd 

Existence of two forms of 

repor'ted are 915 l< (~-l.§). 920 K 

has been shown by thermal clnalysis (l.?-1-J~) and drop c:alo:rimet!'y <'1':1). Values of Tt 

919 K (~), and 918 K (!..:.). We adopt the ldtter value which is based on the drop 

calorimetry of DI-lorkin and Bredig (!.:.). Several other investigato1'5 (12, ~}-JJ.) have mistakenly interpreted the transit:ion 

as due to melting. 

lIHt O of 2,92 kcal/mol is derived froO);l the enthalpy dat.! of Dworkin and Bredig (_~). 

Melting Data 

See SrRr
2
(t) table, 

Heat of Sublimation 

6H~;;9a is calculated as the difference in the adopted heat.s of formation for the gas and crystal at 291L15 K. 

References 
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Strontium Dibromide (Sr 

(Liquid) GFW = 247.428 

T, "K 
o 

2'JB 

~oo 

4')0 
500 

IJO 
ZOO 
300 
l,UQ 

5']0 

1600 , 
1900 
20De 

21'JO 
?2JC 
noo 

2,,00 
290C 
3\)OC 

CpO 

11.3('" 

H. 
'I. 
l'!.120 

,U.;)l~ 

<'LeiS 
L!.bl;] 

n.?>li 
2 7 • '; 1 ~ 
?I.bji) 

ll.r;-' 
tf.r\ll.l 

?f .,)1'~ 

r.dld 
{.db 

~ibbs!mol---~ 
_____ kcaLlmol __ 

S'" _(G0_w:tS~)rr HO_Ho:n~ t.Hf' l!.Gf" 

r(.OlO 

H.123 
42.483 
1.0.744 

67. 

71. fl14 
n.!:!75 
75.794 

77.590 
N.t! Ib 
dJ. ~66 
S? ~ 7;; 
cl3.797 

92.145 
':13.157 
'14.113 
'15.01'& 

17 .JIO 

37.JIO 
37. rJ.7 
3<J.127 

49.2<33 
~O. a 76 
52 ~402 
53 ~ dtd 
55.262 

59.119 
61..1.30 ... 
61.1.43 

fl7.H11 
6H • .I!5 
6<,1.2'.2 
70.JS<o 
7LJ.-';01 

.00J - It>8.521 164.';l8l 

- 164.<.JS9 
- 102.300:. 

175.2,9 - 159.029 

19.612 - 111.935 
22.453 - l1J.8ge 
25.235 - 10 ... _;'59 
28.017 loti. tI?3 
30.799 - 167.790 

33.581 16&.757 
36~ 362 - 1-10. <'-1':1 
39~ 144 - 196.920 
41~926 - [95.556 
'.4.70d l'}".I'H 

I..>J.399 - ld6. U3 
64.180 164.016 
66.'162 - t8j.~.?6 

69.744 - IJ2.255 
12.526 1:H.006 

- 41.4tlZ 
3d.75'o1 

- 36.122 
- j3.566 
- 31.084 

- 12i3.671 
- 125.416 

121.169 
- 116.996 
- 1120899 

- 62.2<)7 
18.7::;4 
15.156 

L June 30, 19," 

Br 2Sr 

log Kp 

1?0.934 

120.1 n 
88.680 
('9.5lt 

56.756 
1.1.082 
'.0.918 

28.110 
2'5.211 
22.884 
20.851 
1 GI. 09G1 

11.576 
:6.123 
1 ... 712 
13.458 
12.337 

r. 'J 3'~ 
6.9';6 
6 ... 2~. 
5. 'Dl. 
5.475 

, 

STRONTlUN DIBROMIDE (SrBr7 ) (LIQUID) crw :: 247.428 Br
2

Sr 

=- (J7.010J z'bbs!mol 

Tm 930 K 

kCQl/mol 

:'; 0.05 kcal/mDl 

Tb ':: 2419 K .:>Hv" 46.4 kcal/mol 

Heat: of forma t ic,r.. 
':'Hf

g 
of SrBrZ(Z) is ob'tained from that of ti.t:! crys'tal by addLtLon of i\Hm~ and t:he diff(trence in the vdlues of (H;30'

Hi9S) for t:he cryst:al c1nd liquid. 

Heat Cap03.ci"tv and En"tropv 

Cp~ for the liquid in the temperature range 500--3000 K is ass\.lmed constant: ilt 27.818 gibbs/mol. This value is based on 

JANAY curve fits (deviations 1: 0.1%) of 'the relative enthalpies (931-1002 K) repor'ted by o-... orkin and Bredig <.1,). Taylor dnd 

Smith (~) have also repor"ted enthalpies (927-1118 K) for the liquid. These results suegest d somewhat higher vdlue (28.36 

gibbs/mol) for CpQ; however, the data are considered less reliable. (See tabl,~ for further discussion>. The 

average deviut:ion of the data of Taylor and Smith (!.) from our adopted .is ~O.lj%; the maximum de'/iation is 1.2% at 

1067 K. A glass transi-::ion is assumed at 600 K below which Cpo i:, that of the crystal. 

S;~8 is obtained in a manner analogous to thd't of t'rte heat: of formation. 

!:J:§!lting Da'ta 

'I'm is "Cf',at observed by Dworkin and Bredig (}) from drop calorimetry. Othel' reported values for Tm are 926 K (2), 931 K 

(::>, 924 K (~), and 928 K (§). Four other investigators (1, 2-l,...Q) have r!:!pot~ted values of Tm near 915 K, but they ha.ve 

mist:03.l<:enly interpreted the transition in SrS!'2 d& that due to melting. 

[,HmO is calcllld'te.d as the differ~nc8 in the enthalpies of the liquid and i3 phiise at "I'm. The en'ti,alpy of the liquid at 

I'm i:; based on JANAF curve fits of the enthalpy data reported by D:..:ork:i.n dnj Bredig (]). We adopt their measured value of 

lS.6 kcallmo1 for of the? phase at: i'm. A cryoscopic (~) de'terminatlon of ~Hl",o gav« 2.5 !. 1.3 kcal/m,::;l which 

cdlorimet:roic value. Taylor und Smit.h <Z,) repor'ted a calorimet.ric value of lIHm~ ::: 5.25 kCiJ.l/molj 

howeve-r, This vaLue also includes ::he heat of transition, Addi'tion of our vdlues for bH"t
Q 

and ~J{m~ gives 5.34- kcal/mol. 

Vaoorizat:ion Data 

Tb is 'the temperdtu!'e at which eGr for the proce:;;s tl approache~ ze!'o. LlHv~ is the differen.ce in the 

hedt:, of formation of t:he e;as and liquid at Tn. Peterson und HutchIson cgJ.) obtained 'Ib = 2318 K from vapor pressure measure

ments on the liquid (1114-1J011 1\). H(lw,~v(!r', the value is based on a rather long extrapolation and is proba.bly uncertain to 

at least ~ 100 K. 
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Strontium Dibromide (SrBr2l Br
2

Sr 

(Ideal Gas) GF'll ~ 247.428 

. -gibbs/mol---_ kcal/mol----_ 

T. OK 
o 

100 
zoe 
298 

300 
400 
500 

600 
roo 
800 
900 

IOO() 

1100 
1200 

CpO 
.)0:) 

14. 
14.554 

14 •. 'Ill 

1".3..17 
l' •• 'l>:i4 

S' -((;O-WuIfI)rr HQ-H<>~, d,Hf" 
.JOO !NF!NTTE - 3.846 - ~3.767 

('2ol0B 
71.525 
77.no 

77.360 
81.571 
tl4.cl61 

tl7.5':>8 
89.644 
91.826 
<;3.576 
'15.1 ... 2 

96.560 
97.8':>5 
<t'1.iJ46 

100.14'1 
101.11h 

137 

I04.f.'97 
105.461 

89.'l05 
18.592 
77. '1.70 

17.27t 
17.844-
78.'HO 

806150 
81.316 
82.561 
83.689 
84 ~ 758 

€IS. 167 
86.121 
81.624 
88~480 

89.293 

~l. 506 
92 .179 
92.'325 

- 2.780 - '-13.689 
- 1.413 - ')4.083 

.000 - 9'.300 

.027 
1.491 
2.965 

4.445 
5.927 
T .412 
B.SQS 

10.385 

11.812 
13.360 
14.848 
16. )37 
1'.1;125 

19.31'. 
20.804 
22.293 
23.181 
25.212 

- 97.318 
104.153 
104-. B61 

- 105.011 
- lO'.:>.2D 
- 105.472 

l05.961 
- 106.274 

- 108.513 
- IJ8.76a 
- 10<;.025 
- 109.282 
- 109.542 

- 109.802 
- 142.036 
- 142.556 
- 142.479 
- 142.405 

2100 106.181 93.'+44 26.161 - 142.33'5 
l?OO !(,. l06.ti80 94.JJ9 28.251 - 11.2.170 
2300 1· •• 847 101'.542 94.612 29.741 - 142.211 
2400 14.B o e lC·8.177 950164 31:.231 
Z500-----,-~-.-d-<)-i --108:,85 ----9-rf.-6-9-f-- --32:720---:"-

2 [FlO 
2'~OG 

3000 

) 100 
3200 
3300 
3400 
3500 

3900 
4000 

4300 
4400 
1.,'j00 

'~600 

4700 
l,800 
4'100 
5000 

5100 
5;>00 

5600 
5700 
5ellO 
5900 
6000 

14. 

1<-.9;:)J 
h.'iCIJ 

14.gel 
l~ •• 90 1 

\4.'102 
\4.'102 
1(·.'102 
14.'iu2 
1">.9.;2 

14.<)02 
1.<0.902 
14.902 
14.902 
1',.902 

14.902 
1', .903 
14.903 
14. qr,)3 

1':'.903 

14.9";> 

109. '169 
109.931 
110.41'3 
110.,}'-/6 
111.501 

.990 

1!2.921 
t 1 3.366 
11 3. 79~ 

It 5.738 

116.1 ':>1:> 

11 

11 Lti71 
11 8~ L 91 
118.505 
118.812 
119.it 3 

119. I.oe 
119.698 
11 .... '132 
120.260 
120~ 534 

lZO.d02 

96.li I 
')6.109 
9{ .191 
97.6S8 
'>'fI.ll1 

48.551 
98.'178 
94.394-
99.198 

100.1.92 

lOO.576 
10v.950 
101.315 
lul.672 
1 02 ~020 

102. lbO 
102.693 
103.019 
103.3"31 
103.649 

103.;l~5 

104.2~4 

104.548 
104.036 
105.11Q 

105.396 
1059MB 
l05~9 36 
I06.l98 
106.456 

lOb.7l0 
106.960 
lOl.205 
LOLlt47 
lOL684 

34.liO 
35.700 
H.190 
38.680 
40.170 

4\.660 
43.150 
44.(,40 
46.130 
41.620 

49.110 
')0.601 
52.091 
53.581 
55.071 

56.S6l 
'Sa.05t 
59.542 
61.032 
6Z.522 

64.012 
65.502 
66.993 
6B.483 
6'L973 

71.463 
72.954 
14.44'" 
75.934 
17.42', 

76.91 S 
BO.',05 
~H .895 
83.38'5 
84.876 
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- 142.090 
- \42.075 
- 142.071 
- 14 2.090 
- U.2.1 /·0 

- 142.425 
- 142.581 
- 142.772 

- 143.000 
- 14-3.264 
- 143.:)11 

143.920 
- 144.312 

- 1 .. 4.747 
145.226 

- 145.748 
- 146.3 t4 
- 146.923 

- \47.57'+ 
- 148.265 
- 148.995 
- 149.762 
- 150.563 

- 151.399 
- 152.ib3 
- 1?3.156 
- 154.0H. 
- 155~019 

- 155.982 
1:>6.965 

- 157.963 
- 15 8~976 
- 1.':.0.000 

aCt" 
93~ 76 7 

- '1s.ou 
- 102 ~ 209 

l05~ 163 

1 05~ 815 
- 10 1 ~ 127 
- 1076709 

- 108~265 

- loa.193 
109.288 

- 109.731 
- llO.132 

110.3Q3 
- rlO.552 
- 110.690 
- lle.BOb 
- 110.909 

- 110~991 
- 110~ iS2 
- 106.244 
- 106.319 

104.440 

Log 1(. 
INFINI TE 
214.206 
Il1.689 
11.527 

77.087 
56.531 
41.080 

39.436 
33~ 961 
2.9.856 
26.646 
24.069 

21 ~ 93 3 
ZO~ 134 
18.609 
1 r .298 
l&.lS9 

14. 
13~ 143 
12.232 
11.413 

102.544 10.672 
- 100.651 9.999 
- 98.160 9.384 
- 96.871 8.821 
..:.--(i4-."9-EC6----- -8":354 

- 93.100 7.826 
- <H.218 7.384 
- 8':1.333 6.913 
- e7~449 6.590 
- 85.565 6.213 

- 83.676 '5.899 
- 81.187 5.586 

'7<.,).896 5.291 
- 17.999 5.014 
- 76.095 ' •• 752 

- 74.189 4.504 
- 72.2H 4.269 
- 70.350 4.046 

68.417 3.834 
- 66.479 1.632 

- 64.528 3.'.40 
- 62.~o6 3.2'56 

60.590 3.080 
- 58.602 2.911 
- ')6.603 2.149 

- 54.583 2.594 
- 52.557 2.444 
- 50.5iJ 2.300 
- 48.457 2.161 
- 46.380 2.027 

- 44.291 1.898 
- 42.182 t.173 
- 40.054 t.652 
- 37.914 1.534 
- 35.751 1.421 

1.310 
1.203 
1.099 

• 998 
.900 

STROKTIUH DlBROMIDE (3r3r2 ) 

Point Group D<ah 

S298.15 = [77.3 ! 2.0] gibbs/mol. 

Ground State Quarrtum Weig.l1t :: [1] Vibrational 

(IDEAL GAS) Grw ~ 247.418 Br?Sr 
6HfC; ::: _93. 8 ~ 3,Q kcalllrcl /-, 

6Hf299.ls ::: -97,3 :!: 3.0 kcal/mol 

Bond Distance: Sr-Br:: 2.82 :!: 0.03 A Bond Angle: Br-Sr-Sr:: 180 0 cr::: 2 Rotational Constant: Bo:: 0.013265 cm-
l 

Heat of forrr:dtion 

Peterson and Hutchison (1, V hav"! rneasu!'ed vapor pressures (l114-1304 K) for liquid SrBr 2 by thE) Knudsen effusion 

method. The vapor pressures weI'e determined from observations of the time required for specific amounts of sample to be lost 

from stainless steel effusion cells. The sample of S-:>Br2 used in this investigation was preplired by direct union of high 

purity elements, X-ray diffraction patterns on the final product showed no metal or oxide lines. Radii of the effusion cell 

orifices ranged from 0.15 rom to 0.38 InITI. Results of second -':Ind third law analysis of these pressures are tabulated below. 

We assume that t:he dibromide monon:er was the only vapor species present. Support for this <'I5sumption is provided by mass 

spectra for some of the other alkaline earth dihalides (l). These studies indicate that the satu!'atecl vapoI" consist pre

dominantly of the metaJ. d ihalide monomer and agNes wi th predictions which were made by Erew:::!r et -':II. <.~) for 'the dihalide 

~lecules. Also included in the "table is a value ror lIHf~ derived from it thir'd lew analY~li:.; of a single v<'lpor pressure point 

determined by Stock and Heynemann <]) and ta~ulated by Brewer ,e-; al. (~). .. • b 
No. or Temp. t.Hr?qQ' kcallmol Dr!.ft nHf 298 (SrBr 2 , g) 

B~~ 2nd Law 

1147-130'-' 69.9 

J~eferencl: Reaction 

(1, 1) A 

Points 

~ 
(~, ~) 10110 

Reaction: SrBr2 (t) '" SrBr2 (g) 

3r-d Law 

71.24'1:0.86 

66.9 

CiTwo points rejected due to failure of a statistical test. 

1.1!.2.s 

bThir>d law values based on (lHf
Z9S

(SrBr
2

, l) :: _163.521 kcallmbl (ll. 

kcalimcl 

97.3.:0:2.5 

101.6 

The value 6Hf
29S

(SrBr
2

, g) '" -97.3 1:. 2.5 kcal/mol is preferred here ra.:t.'1er than an aveY'age (_95'.5 kcal/mol) of the two 

resul t:s, since it is impossible to dSSet.;s the reliability of the lTI€asurement by Stock and Heynemann <.~). HOwever, our value 

does compare favorable ;.;ith that (-9R,0 kcal/mol) selected by NBS (§.). The uncel't'linty of !3.0 kcal/rool is assigned to 

reflect errors absoc1.ated with the funct:'ons used in the a.nalysis and with the auxiliary heat of forma'tion da'ta. 

Heat Caoacity and Entropy 

Th<" value of the bond lenf,th is that: roeasur-eG by Akishin and Spiriclonov C.!) in a hi gh-teroperdture electron diffraction 

3t:\.ldy, The mol~cu18r tit~ucture of SrBr
2

(g) has not been unambiguQcsly established. El-ectron d5_ffraction patterns (_7) for 

SI"Br? we're satisfactorily explained on the basis of a linear model (18C!" :!. 10~). Later studies by 'W'harton et al. (!!), using 

elec'trio deflection of molecular heams to detec't dipole momentfl, showed no polarity :i.n the SrBr2 molecule. The absence of 

dipolar character is most reasonably expl-':lined by a linear dnd centrosynunetric confi.guration. We aflsume a linear structure 

for SrBr
2

, 11:8 l:Ioi.lent of inertia is 2.1102 x 10-
37 

gem' 

Fe>-; infrared spectral studies (i-.!l) have been reported for the gaseous alkaline earth dibromides. The a:1tisynunetric 

stretch (v
3

) and be~dine (\12) frequencies for a.e8r
Z 

wo€r'e observed by Snelson (~) in a neon matrix. Baikov eMU obsE:rved a 

band at 330 :t 5 cm-':' in the high-termperatu!'e infrared spectra of CaBr
2 

vapor and assigned this band to In a similar 

study on MgBr,(g) by Randall et ci. <]J) v3 wa.s observed at 1.190 cm- l The only frequencies available for are estima1:es 

(~, 19., and JJ) which have been obt-':lined by force constant calculations. The adopted vibrational fr'€quencies dre derived 

from eutim,J:ted force const<L'1ts by :::he valence force method. (11). A compa'!'ison of Vd}ues for the ratio of the stretching 

force constants for diatomic dnd triatomic strontiwn fluorides (rat"io = 1.33, 1) and chlorides (ratio:: 1.15, 1) suggests a 

value of ned!' unity for_the ratio of the bromides, Therefo~, the stretching forCe cons'tan't foT' SrBr2 is taken equal to that 

for SrB!'(k :: 1.154 x lo:',dynes/cm) c.:i). o~r values for v
1 

and \1 3 compare favor'ably with those es,imated similar prCl-

cedure C,::) (vI:: 156 cm-- and v3 :: 262 cm--) and with those given by Krasnov and SvettsoV (g, VI :: 158 and \1 3 :: 265 

em-I), The estimated frequencies of Baikov (l..Q) 8t'e roughly l?t lower thaD ours. A comparison of values fof' the ratio of 

the 8tretch to bend force constants for the bent molecules SrF 2 (rat"io = SO, ~) and SrC1 2 (rdtio :0 78, .:!) suggeuts a value near 

100 for SrBr
2

. B!'€wer (~) used valUe in his force const.dnt calculations. This value for the ratio gives k6/t
2 

'" 

1.154 x 10 3 dynes/em, or \1
2 

" 37 A comparison of simiI'lr data for the l:inea'Y' molecule BeBr2 <.~) indicates tha.t the 

value of the t'iltio could be as low as 41. This leads to a v
2 

'" 55 cm- 1 which is excellent agree~ent with the value (56 em-l) 

recommended by Krasnov dnd Svcttsov (11). We pl~efer the lower Va,lll€! of v
1 

at this time but include in the uncertainty (:!:2.0 

gibbt;/moli assigned to the value of S298 the possibility that the higher V<'llu(! i:: the correct one. The singlet ground state 

is assigned by analogy with that for BaC1
2 

(1). Our Bd..)pted functions agree ~ith those tdbul-:5.ted by Brewer et a1. (!:) to 

wi-thin 0.1 gibbs/mol in the range 298-2000 X . 
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Magnesium D Dr'nmide. Dim8r'ic Br
4

) 

( 1 dea! Gas) GFW 358.226 

----Ribb'i{mol---_ -------kc:aii'tllOI-----_ 

T. 'K 

lJiJ 
':I..il) 

2 'hI 

,00 

6.)0 
(Ou 
<JOC) 
'Jv,) 

10JO 

11 lJ0 
UllJ 
~ ),)0 

\"G() 
[::00,) 

1 'JUG 
2JuO 

(100 

2'>UC; 

ZjOG 

2(J,,: 
2':100 
300" 

3:IJO 
3.:00 
3 ~vQ 
HOO 
~ ~vu 

3000 
,3!U( 

<"'UV'J 

f.ZuQ 
.. ,00 

1,('00 
:.1(,() 

4oJ£:: 
4 ":1i.)0 

')IJOO 

'>iOO 
;:,ZOl,' 
~3')C, 

"tiDe 
:>')JO 

(;0 ~~, 

ll.I','.) 

; ,;. u ~4 

• .::'')j 

d.)?\ 
j I .. ~ I. ') 
n.b?7 
i ~ • <, .j 6 
.:.; .](;0 

,I.f? 
\I.n 

1\.75 
il.h 

I\.! ... ,) 
~ ! • ii,.., 
) ~. H 7 
l:.fI'] 
'!. (7.l 

l) 

16 
[:1 

0.1 

'l.r:,:: 
'::'1. 

.7,,3 
'1. 
'\.{J? 

J1.7j" 
1l.7Jo 
'd.t:'!! 
)l.lJf 
1l.787 

<.{oj 

.f:):l 
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l:.70" 
': . (~: -) 
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.I·!; 

.7'/1 .n, 
I:.f',' 
\ ~ • ( 'J ,-' .l? ___ 
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U0.42d 
119. ;OJ 
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1·)0. ,.,4 
['.1.199 
1'04.92'1 
14b.2o'J 

';; ... 2"\ 
?'"'. v~2 
':>':'.:''/2 
,." . .,4, 
(d. 

16.1.,85 

166. 

11.HZ4 
7) .102 
74.71) 
7o.lJo7 
7!. )f,') 

fe-foil 
-i'J.dll 
bv.'1(,7 
<.>2.)'12 
Ij3.1';" 

104.2J2 
11:15.211 

f.l)e 
1 ~.s. 05'1 

\:J!.l.':I'J5 
jl;:l-::'.,12.6 

192. )0'"' 

193. ii·) 
~ '-i:l. :>? 
1'14. 0) 

" 
1',6.7'.7 
1 '11 .... ~ 1 
: '>tl.l JJ 
19(). (;0 

j<'",.}9u 

U,u • .JZ{ 
Z·J,).b4:. 

2.0.2,J 
.5'.5 

10-,.';); 
!.03."I, • 

lie> 

20).1',·, 

r.~ F 1 .~ iT E 
I.H.I.I.\I.I 

1\0.13 ! 
111.',-:;j 
113.76i 

116. j54 

1?3.10B 
3U.3':'0 
~ 2 • 2 b:3 

1:14.0 .. 6 
1 -' ~~ d IT 

137 ... t>" 
1:h.J34 

1 .. "', ;:,44 

1'.4.":;63 
~ 4 ') • -1"'2 
1:.7.1';" 
\l.,11.-I29 
!1,'J.;t>':> 

1 ':lU. ~ I> Z 
I:" I.c~3 
l'>2.t>'.iL 
L"~ . ..,'.7 
154.&13 

1 '; ~. :) <;u 
1 :>6. ',&2 
1 ';7. j48 
1')<>.21:': 
15':1.J50 

l~" • ..>ul 
1(,";.,)(,,6 

161.':"!,<' 

H?2J5 
102.1"< f 

I"].on 
,,? 

16'>. f)o 

10(...',21 

lu!. FJ 
1(.7.fll 
16".3JB 
jotJ.-.J52: 
i6Y.5')4 

l. '~6 
!26 

.1.96 
171.:.\?1 
17,:,.-.01 

r? ',6 
7;. :l! 

/4. J4 
-t ... I'> 
!5. <'6 

2.40.'1 
.Jul] 

.0<;,7 
.1.16'.> 
i.>.301 

9.4Si 

22.11J 

,~ ~.;-: 8? 

14.001 
J f.<J7S 

't I. I ~ ... 
",~. 13J 
,.".C,'J7 
'>0.664 
53.1.11'.,1 

~ r.:) '.18 
6:->.:<'10 
t.-L ~9 ~ 
66. '.>7\ 
69. ·/4'/ 

72.·)27 
76.105 
19. cD':' 
82.462 
S').'::' .. l 

d:;:.:.119 
91.99d 
9").176 
'18.355 

IOl.'>.:!" 

1.04. /12 
107.0':>j 
'll.O('J 
I 

Z':Y.t. I]7 
23.1!l1.J 
26. ;)0') 

}G.144 
} 1. :\2 ~ 

1.1 '-'. ~ 02 

14 2 • 
146.0j9 
1' ..... ?13 

)'1 

'lU, 
15;).7")., 
ltd. cd5 
I~').I i4 

160. 
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lh.{'!l 
1l"o.tJl4 

>.':>JJ 

1 J .>. ':> ~ 1 
~ ';J. l 31 

- ['jtJ .0",':> 

- 202.720 

202.'-1-;'0 
LJ? :'-44 

- Z'Jj. :",6 
- 2-,·,.71 L 
- 261t.3"6 

26L::'?') 

202. 1:J8 
- U,J. 36 
- 2ul. 87 

" 
- 2(>v. 4~3 

<'hJ. U5 

- ?")Y.121 

<lui 

176 

- 1'> (.298 
c.:>f.02J 

- .>'10.760 
- 2:H>.50'J 
- 2:'0.272 

- .~)O .(.:..1 

- .~ 'i). <.0<' 
- ~5'J. 329 

~».1 '-16 
- 2")". JB 3 
- <')4.'1'-/0 

- L):t.'H5 
2')4.'>79 
.'5'>.012 

i'l7 

I" 
256.018 

.).(;1" 

- i 76.791 
- 1:.11.679 

- 1116.534 
190.0l2 

- bO.V'>l 
184.224 
Ul7.WO r 

130.45.: 
liD.3d7 

8 •• 7 /01 

- Ul4.80(, 6-'. 
lil2. 60'~ 
laO.3'.19 
lHl.ln 

- 115.570 3B.3fl 

172.049 34.34? 
100 30.':17,) 
322 28.1 Z') 

)4" 

14'1.102 :!O.3'{,) 
141.'193 18.25', 
t3' •• ~~2 16. 3i' 3 

14.6'12 
13.101 

11 ~.~,>3/:1 
- 106.46'. 

9<;".408 9./.46 
- ',12.369 8.411 
- 115.347 7.',1.>1 

- 78. nl 6.':>8" 
- 7l.3.ll> ':>. ru. 

b' •• ]':>" 5.G2:' 
- ')7.375 4.324 

:10.410 1.673 

43.461 ).064 
:10.-522 2.494 
2':1.,:>94 1.960 

- 12.667 1.4,)1 
15.7';,6 .'l1l4 

8.d50 .531 
1.';51 

11 
l8.6'it> -

2':>.56 0 - 1.361 
31 - 1.(-(j8 
94 - 1.997 

46.156 2.293 
')3.009 - 2.':>14 

':>':I.llb2 - 2.844 
66.713 -
73.5:'4 -
tW.4JO - :;';'d6 
J37.24~ J.i;ll) 

44.075 

4.44'. 
~ 14 .605 4.6ia 
121.459 - '<.826 

'" 
1'-8.366 -
155.709 - ').672 

j'L';~lE:SIUM DIBROMID£, DII1ERIC (11&;:31'4) 

Group [D
Zh

) 

(I DC,:.L GAS) G.rw :: 308.225 8r"4 Mg2 
5.0 kcal!J:\ol 

;;: [110.2 :!. 5,0] gibDs/mol :: -183.5 5,0 kc,:,1/mo1 
Stat:e QU.il![Wr. I:.J e i.gl1·t [I] 

[182 ](1) 

[ 120}(1) 

( ~O7}(ll 

[LJl:}(l) 

l16S)(1) 

f 228 ](1) 

[125](1) 

[125] 0) 

[100](1) 

[lllOJO) 

[ 75}( 1) 

[7S )(}) 

Bond Di.stances: 11g-br ;: [2.34} A Mg-Bro' (bri'lge) r 2.50) 

Bond Angleb: Mg-Hr' Cbridge)-Mg :" [901" Bro' (bridg~)-Mg-Er' (bridge) = {SO}· 

Br-:Mg-Elr' (br'idge) ::; lU5]0 

I-'rodllct: or t10ments of Inertia: IAI8Ic;: (2.5::322 X 10- 11°] g3 c~15 

!fedt of rorn~ation 

jHf~ of "the dilr.er based on an ;;.n,ny~;i~; 01 1l!ass :;pectr-ometric ddt.:;. reportea by b-e.l'kowitz and I"!<>.!'quar, (]). These. 

::~::::IC:a:; :~:~:~::l:r t::s P~:';.::~:d O;r::P:~:i::::~~e~ % i:~m:~t:~$~~:e:ql:~~,i~:~~::~ ~apO~e~~::i ~~B:~~c:la;:u:::u~~) 9:porte~: 
second law 6Hr 503 of 12.9 kca1/mol for' the process '1gBr:? (c) 

gives t~Hr" = JILO kcal/mol which leaJs '1..0 Mif~<>o(Mg"Br", g) 

• When corrected to 293.15 K this v"lue 

i<cdl/mol. The <ibsolute pr'es3ure of Mg
2

Brl; (e;) was also 

volatiliza:tion of a p':'eviou51y wei8;hed sample. A thir·d law comp:_e te 

analysis of The reported pres~\Jr,(~ gives /~Hs;'J8 ;;: 6".4 kcal/n.ol for:<: HgBr
2

(c) = Mg2Br!~(z) Thi.s value for· '-he heat of 

suDlirn<J.~ion leads to ~Hf29i3(din.er) ::; -183.2 Kcul/mol which is il1 excellent i1gre€11IE'n1 \~ith the sEocond law r-esult. \-le adopt 

dver'd£~ valu", (-183.5 kCil.l/moU ot thes~ two ('esu1ts. The uncert<1inty in IIHf~ i:; «sti.mat:ed as c!S.D xcal/mol, and t:he adopt:ed 

uHf" value c.t,r'r(:':'pO.1GS 1.0 a diw€.'rizaTion energy for' r1gBr
2

(g) 38."/ ,<calfraoL 

!Jed t .9_:lp{~c~'ty dnG .F:rnrc?y 

The dimer molecule is a::;S1.lmed to hiJ.y,-~ a. b:::-idz€,:-bonci struct.ure of D2h sylJ'~'T\(:try si.rni-;'ctl' 'to 'that 3uggested oy Thompson and 

CdI' .,on '?) for the dimeros Cot sEovE,:ral 1::oansition meta.l dicnlorides. The two ourer i1g-Br bon.d. length2 are a::;surno::d t~ b", the 

same as that: for 3!-I :;., }). The fouL' rinE I·Ig-Er' {bridged bond ll:!ngths are Taken to be son:ewhat longer (2.6 A). The 

four ci.tnms which liE: the ring fO!'Jn a SqUdP,!. "fhe or' (; .. ,~,;,",~~)-Hg-Br bond angle is estimated dS 135~. Th,~ individUd1 

moments of inertia ape: IA = 5.8027 y. 10- 37 

Th.e vit::ra1:iondl frBguencies of the ring 

w<::re obtaint~d by Bedwl<.'i tz (~) fr'Om ionic mocie1 

"thost! for and Hf,2C1l: (1). 

are <l.SSU!f!eQ to 

dimer re-prod'Uc:e "!,he pr-eSbures rnedsul"'ed by 

vtl.pur species with ::"is"~ng tel"-peratures. 

i\.e fer~mcf_~ 

,me Ie ::: 8.9590 x 10- 38 B C:l~2 
six listed) aN:! 1:al<:en equal to "those for Na.

2
Br 2 (]). These f:::,~quencies 

calcu]al:ion:;. The remainin[l six frequencies aT"2 estimated by analogy w:itr-, 

IIlade by Thompsen. and Carls.:m (~), all of the dime!' fN:!quencies 

of t::e mop-orner (1). Our adoptee! functions for th!:! monomer and 

l1arquart (1) a:1d sho·" thd.t "the climer becomes an incr-edsing important 

1. S. Bert:(;witz and J. R. 'Io-ldrqua.rt, J. Chern.. Phys. fl, 1853 (1952), 

t. K. R. Thompson dnd D. CaPL50n, J. Cheln. Phys, ~, 4379 (1963). 

3. JPJ~IIF Therrr:oc:wrnicd1 Tables: l"!o3Br2 (g), 5-30_74; j.J a 2 Hr-
Z

(e) , 0-30-6'1-; Mg
2

C1
4

(g), 1~-:;;l-69. 

It. J. Berko'",itz, J. Ch~~m. ?hys. 1.2,1519 (1960), 
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Lead Tetrabromide (PbBr 4 ) 

(Ideal Gas) GFW = 526.816 

-- gibb:l/mol----_ -------kcal/mol 

T, OK Cpo ,,' -(Go-H"29II){f 1I"-WUf ~H" 
0 6000 ~ooo INFINITE - belSS - 101~900 

lOa 20.683 76.336 123.321 - 4 e t>99 - L02~lb9 
200 24.108 9Z e Ol2 104.102 - 2 .. 41 f 102.833 
298 25.007 to:H~837 101.B37 .. 000 - 109~O73 

300 25.017 lOle9n 101.831 .O4l: - 109.105 
400 25.363 10ge243 102.824 2.568 123 .. 115 
'00 25.529 114 .. 922 104.696 5.113 - IB.609 

bOO 25.621 11ge586 106.801 7 .. 671 - 123.517 
700 25.677 123.540 106.917 10.236 124.608 
'00 25.713 126~971 110.964 12 .. 806 124.551 
900 25.736 130~OOl 112.914 15.318 - 124.489 

1000 25~ 756 132.714 114~ 761 17 .. 953 - 124.420 

1100 25~ 769 135ei69 116.506 20.5Z9 - 124.3"'1 
1200 25 .. 780 137e412 118.1.56 23.107 - 124.260 
1300 25.767 13q~476 119.718 25 .. 685 - 124.184 
1400 25.794 141.387 121.198 28.264 - 1240102 
1500 25.799 143~ 167 122 .. 604 30.644 - 124.022 

1600 25.803 144 .. 832 123.942 33.4l4 - 123.947 
noD 25.806 146.3% 125.217 36 .. 00'5 - L23.675 
1800 25.809 147.971 126.435 38.585 - 123.811 
l'~ao 25 .. 612 149.261 127.600 41.166 - 123.752 
2000 25.814 150 .. 5'H 126.117 43.148 - 123.701 

2100 25.816 151.850 12"'l.789 46.329 - 166~106 

2200 25.817 153eQ51 130.819 48.911 - 165. '976 
2300 25.819 154.199 131 eBll 51.493 165.869 
2400 Z~. 820 155.298 132.761 54.075 165.785 
2500 25.821 156 .. 3">2 133.689 56.6S7 - 165 .. 126 

2600 25.822 151 ~ 365 13,+.581 59.239 - 165.690 
2700 25.823 158.339 135.443 61 .. 821 - 165.676 
2800 25 .. 823 159.278 136.271 64.403 - 165.688 
2900 25.824 160.185 137.086 66.986 - 165.111 
3000 25.825 161.060 137.81l 69.'56B 1.65.167 

3100 25.825 161.907 138.632 72.150 - 165.837 
3200 25.826 162. T21 139.373 74,.133 - 165.<122 
3300 25.826 163.571 140. 092 77.316 - 166.023 
HOO 25.826 Ib4~292 140.793 79 .. 891:1 - 166.137 
350') 25.827 1&5.041 141.415 82.481 - 166 .. 2(;.4 

3600 25.827 165.769 142 .. 140 85.064 - 16b.401 
3100 25.627 166 .. 476 142 .. 788 87.646 - \66.$46 
3800 25.821:1 167.165 143.421 90.229 - 166.696 
,900 25.828 167.636 144~036 92~812 - 166.857 
4000 25 .. a2a 168e 4 90 144.b41 95.395 - Ib7~020 

4100 25 .. 629 169 .. 128 145.231 'H .977 - 167.188 
4200 25.82<;1 169 .. 750 145.807 100 .. 560 - 167.351 
4300 25 .. 829 170.358 146.371 103.143 - 167.528 
4400 25.629 110.952 146.923 l05.126 167.699 
4500 25.829 171.532 L47.463 108.309 - 167.870 

4600 2 5 ~ 8Z9 172 .100 147.993 110.692 Ib8.041 
4700 25.830 172.655 146.512 113.475 - 16B .210 
4800 25.630 173.199 149.020 116 .. 05E 168.380 
4qOO 25~ 830 173.732 1"'9~~19 u.e ~b41 - Ib8~54b 
5000 25~ 830 174.254 150.009 121.224 168.710 

'HOD 25.630 174.76, 150.489 123 ~607 - 166 .. 814 
5200 25.830 l75.267 150.961 126.390 - 169.033 
5300 25~830 17501'59 151 ~424 12S~9n - 169.190 
5400 25 .. 630 176e241 151.879 131.556 - 169.347 
5500 25~ 831 116.115 15Z~ 326 134013" - 169.500 

5600 25~ 831 171. lSI IS2.766 136.122 - 169.6~2 

5700 25.831 t71.638 153.196 139~ 305 - 169.803 
5800 25 .. 831 1180081 153~b24 141 .. 881:1 - 169 .. 9'50 
5900 25 .. 831 178.52q 154.042 14;., ~471 - 110.098 
6000 2').831 178.963 1'54.454 147~O54 - 170.244 

June 30, 1962; Dec. 31, 1973 

Br 4Pb 

~G" log Kp 

- 101,,900 I NF I NIlE 
- IOce 348 232 e 424 
- 110 .. 282 120e5iO 
- 113 .. 123 82~ 922 

- 113 .. 147 62.426 
- 111 .. 490 60 .. 916 
- 108.449 47.403 

LO'5 .. 425 38.401 
- 102.27.6 31.916 

99 .. 033 27.054 
- 95~ 846 23~ 275 

92 ~ b66 20 ~252 

- 99 .... 95 1 1 ~ 1 a i 
- 86.329 15.723 

B3~ 170 13.9a2 
- 80 .. 020 12 .. 492 
- 76 .. 874 it.200 

- 73 .. 732 1.0 .. 071 
- 70 .. 594 9~O76 

- 61 .. 466 B .. 191 
64.335 1.400 

- 61.211 6.689 

56 .. 535 5.884 
- 51 .. 322 5~098 

- 46.111 4.H2 
- 40 .. 904 3.125 
- 35 .. 704 3.12L 

30.502 2.564 
- 25~ 306 2.048 
- 20.106 

14 .. 904 
9.704 

4 .. "'99 .. 311 
.. 106 - .. 048 

5.9l2 - .392 
11 .. 124 .715 
16 .. 34l - 1 ~OZO 

21 .. 560 1.309 
26 .. 782 - 1.582 
32.01.2 - 1 ~841 
31 .. 246 2~ 087 
42~412 - 2.321 

47 .. 712 2 .. 543 
52.959 - Z .. 756 
58~206 - Z e956 
63.461 - 3 .. 152 
68 ~ 713 - 3.337 

73 .. 975 - 3~ 51 S 
79.2)9 3.685 
B4e 503 - 3 .. 848 
ag .. 774 - 4~ 004 
95~O48 4. t5'5 

laO~ 319 - 4~ 29q 
105~602 - 10.438 
11 0 .. 691 - 10.573 
lib.ln - 4.707 
121 .. 465 - 4~S27 

126~ 152 - 4.947 
132.047 - 5.063 
137~350 5~ 176 
142 ~ 6't5 - 5.284 
141.937 5.389 

LEAD TETRABROMID£ (PbBI'l;) 

Ground State Quantum Wdght = [1) 

Point Group := (T'd] 

5 29 8'.15" [IOl-eLi. '!: 3.0) gibbs/mol 

(IDEAL GAS) 

Vibr'ational Fr>eguencies and Degeneracies 
1 
~ 
{207] (1) 

[S,9 J (2) 

[2.311 (3) 

[7.3J (3) 

Bond Distance: Ph-Br:: (2.58] A Bond Angle: Br-Pb-Br::: [109"· 28'J 

Product of Moments of Inertia: IAIBIC:: [1.3063 x 10-110 J g3 cm6 

Heat of formation 

GfW 0 52'.816 Br 4 Pb 

IlHf~ ::: [-101.9 "'t 20 J kcal/lI!Ol 

6Hf29 8:.15 ::: (-109.'1 :t 20] kcal/rno1 

12 

The adopted lIHf; " -101.9·~ 20 kca1/mol is derived from the dissociation energy for the process ?bBr4 (g) :: Pb(g) + 4 Br(g}. 

DO '" 11.34 eV is estimated from an intercomparison of the lead mono-, di-, and retra- r.alide$ (1). This adopted DO value for 

PbBruCg) is greater than the DO value for PbBr?(g) by a factor of 2.09,' The auxiliary values LlHf;CPh, g) = 46.91;' kcal/mol 

<'1) and 6HfO{BI", g) :: 28.188 kcallmo1 (]) are used. t.Hf 29 8'(PbBr4 , g) :: -109.'1 '! 20 kcallmol is calculated from ~HfO. 

Heat Ca.paci ty and En'tI"opy 

The molecular constants and vibrational frequencies ar'e those calcu1i:1"ted by Alek~a.nd!'ovskaya et al. (,6.': Later wo:roks 

(1,~. ,3.) mistakenly cite this work as observed data and use a bond distance of 2.51+ A rather than t:he 2.58 A or>iginally 

published C.V. 
The individ\.lal moments of inertia are IA:::IS:::IC ::: 2.3552 >: 10-

37 
g cm2 
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Niobium Monocarbide (NbC
O

. 9S ) 

( stal) GFW = 104.5772 

--~ibbsfmo!---~ -kcal/mol 

T, "K Cp" so -(G"-Wus}(f HO-HOull !lut 

0 .000 aOOD INFINI TE - 1.2% 32 ~993 
100 3~448 1 ~908 lJ ~ 551 - 16165 - 33~ 066 
200 6~ '56 7 5~ 315 8.58e .6~5 - 33~134 
299 1:1.660 8.357 863';1 .000 - 33~2QO 

300 8.695- 8. 4 11 8~3'57 .016 - 33.199 
400 lO.OiO 11.105 8.716 .956 - 33 ~ 099 
500 10.790 11.427 9.431 1.998 - 3? ~983 

600 lL320 15.444 10'269 3.10'> - 32.871 
700 11 ~ 6 9 0 17.217 11-138 4.2'>6 32.772 
BOO 11.980 lS·19t1 11.998 5.440 - 32 ~ 692 
900 .. ':>'210 20.223 12 ~834 6.6S0 - 32G604 

1000 12.410 21.520 13 v 639 7 ~ 881 - 32~5H 

1100 12~ '580 22.711 14.410 9.130 - 32~410 

1200 12:· 740 23~812 15.148 10. J97 - )2G413 
1300 12.6<10 24~838 t5.855 11.078 - n-362 
1400 13 .021 2'5.798 16 • 5 31 12.914- - 32.313 
1500 13.160 26.701 17.1H 14-283 - 32.210 

1600 13~290 27.555 17.801 15.b06 - 32.230 
1700 13.416 26.364 18d9~ 16.941 - 32.196 
1800 13.54 0 29.l3'5 1d.914 18.289 - 32.169 
1900 13.660 29.870 19.528 19.649 - 32.1 5 2 
2000 13.180 30.514 20.063 21.O2l 32.142 

2100 13.900 31.249 20.5aO 22.405 - 32.142 
2200 14.020 31.898 21.080 23.801 - 32·156 
2300 14·140 32.524 21.5b4 25.209 - 32.181 
2400 14 ~260 33.129 22.033 26.629 - 32·222 
2500 14~380 33.713 ZZ.4B9 .?8.061 - 3Z~ 2S1 

2600 14.500 34 .279 22.931 2'ih505 - 32.365 
2700 14.620 34.829 23.J62 30.961 - 32.483 
2800 14.740 3:'.363 23.781 32.'t29 - 3S~q4b 

2900 14.860 35~882 24. U!19 33.909 - 38.656 
3000 14.980 36.388 24·588 35.401 - 38.159 

December 31. 1973 

CO.9S Nb 

6GF Log Kp 

- 32e993 JNF INiT/: 
326936 lL981 

- 32~7H 35~810 
- 32.696 23.961 

32.693 23~811 
32 ~ 538 11.77d 

- 32~ 411 14·167 

- 32.308 1 t. 768 
32·222 10,060 
32~ 149 8 ~ 7 83 
32.089 7.792 

- 32~O35 7 aOOI 

- 31.989 6.356 
31.94-' S.818 

- 31.911 5.365 
- 31.877 4.976 
- 3l ~ 841 4~640 

31.621 4.347 
- 31.797 4.0aa 
- 31.714 3·858 
- 31.753 3.652 
- 31· 712 ).41)7 

- 31.710 3.300 
- 31.691 3.148 
- 31.66B 3.009 
- )1.645 2.862 
- 31.621 2.764 

- 31.592 2.656 
- 31.562 2~ 555 
- 31.408 L451 
- 31.140 2-341 

)0.816 2.249 

NIOBIUM MQNOCARBIDE (NbCO. 9a) (CRYSTAL} GfW", 104.677'"1 Co. 
lIEf;; '" .0" 0.6 kcal/mol 

Si98-.15 8.36:!- 0.1 gibbs/mol '1Hfi9a }5 '" -33.2 ~ 0.5 kcal/mol 

Heat ofJg_~nation 

There are fiVe oxygen bomb calorimetry studies on NbC repor'ted in the literature {l-,?) and one CO(g) <!quilibrium study (§). 

The ador)ted lIHf 29 3" vd1ue is derived from th(! calorimeTric st.udy of Huber et al. (1). These authors st'udied thE.: r:ombustlon of 

eight samples where x COvers the l"olnge 0.686 to 0.984. For each cornpositLOn. s'ix to eight combustions were performed. Hu.ber 

et 03.1. l"eported that the combustions varied from 98'.78 to lOO~ of completion. Corrections of the order O.51~ or less weI"B 

mad-!!- to 'the heat of combustion value to account for impurities in seven of the eight samples. The cOY'rectior. was 3.33~ for the 

x'" O.9B:4 sample. The ca,1culated heats of formation were fiTt:ed to a qUadratic equation by 'the least squares method'by Huber 

et al. (l). Each value was weighted inversely proportiona.1 to tcte squdI'e of its unce!'t'dinty. Using the quadratic equ.'l1.ion for' 

6.I--If 29 8' and correcting for the JANA!' value of 

~ 0.6 kca1/mol. Due to the la.rge error in the 

statistically signi ficilnt difference (J). 

c) <,2), we interpolate to x '" O.91t, cr!lculate dnd adopt 

a linear equation can be chosen to fi-r the data withQut 

-33.20 

Huber et al. (.J) and StorIns (~) hdVe -reanalyzed much of the calorimetric dod equilibrium dat.;l. (1-2,) for NbC x (x = 0.686 to 

0.98'1..:). A graphica.l comparison of the results (i.e., t.[-{fiqg valUes vs. x} indicated that: the qUadratic: equa:tion suggested by 

Huber et al. e]) is a satisfactol'Y repr'esentation of the various ilHf 299 results for NbC x ' The shortcomings of the various 

studie~. have been discu5sed by Huber et 03.1. (]) und Storms (~). for comp;;.rison, the oxygen combustion study by Hah (I' leads to 

il.!if29 8' '" -31.11<- ~ 0.8 kcal/mol for' NbCO . 9lj'4S' 

Heat~.::!.12.!!lli..'i __ ~f!.g £ntroDv 

There have been three low temperatur'e hE!at caDacity studies for NbC
x

: Pankrutz et <11. (11) using a sample 

(52-296: K), Toth et a1. (J1) using five samples where x:= 0.77,0.83,0.85,0.91:, and 0.960.5-18 K), Sdnderodwand 

Storms using three NbC
x 

samples where x -= ,0.825, and 0.98-0 (7.5-320 K). Tn addition there are numerous high temperature 

h8at capacity and enthalpy studies on various NbC
x 

samples (~-1l., 12-11». The adopted heat capacity values are 1"hose suggested 

by Turchanin et a1. (,?,Q). Theil" Cpo va.lues were represented by a five term equation for the range 0-3000 1< and is a compromise 

of the reported Qi1td mentioned. all adjusted to the composit.ion NbCO• 98 ' 

Phase Data 

NbC has a face center€',d cubic structure of the l{;JCl type <i}. The NbC phdse exists, following the phase diagram of Storms 

<.§), from roughlY' NbC
O

• 70 to near- NbC
O

. 9S " At the NbC-C eutectic temperature of J573 !' 50 K. the phase limit is NbC O. 9 "r 
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CI 
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.f'> 
z 
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..0 
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U1 

rv1ethy I erw ( 

T, OK 

100 
2 .... 0 
298 

3JO 
.. 00 
'5r)o 

600 
700 
seo 
900 

lOUO 

13UO 
1400 
\"00 

IbJO 
1700 
ldOO 
1')00 
2000 

ldJO 
Z<'UU 
}uu(} 

jiJ0 
:l20J 
BUJ 
3.,00 
3 ~JiJ 

3600 
nUu 
ldOU 
3'1..JJ 

.. tuj 
42..;0 
,d00 
4'.UO 
4'),JO 

t.lJiJ 

'.u0J 
4CJ)O 

5)00 

'>IU0 
':>luO 
')}OO 
·,4.;0 
,-"uO 

')fOO 
';.'00 
"0,)0) 

')'j\JJ 

09 

-l!ibbs/mol --
Cpo S" _1(;°_ H'\Ml)rf H~ H"2~~ 

.J;)\J .QUI) I NF Ird 1 E 2. :'t\'J 
1.'149 '37. 566 ~3. '.>C2 1.594 

ij.2 1 t. 
1:!.6)" 
9.002 

9.31U 
'1.7:,] 

10.1<.4 
IO.52!:! 
.D.tH?' 

\1.228 
11 .5)l 
11. d02 
l2.042 
12.252 

12.4>1:) 
12.601 
12.145 
12.1;1'3 
1 2 • 'H.~ 7 

D. 

D. 
13.40J 

IL4t>"> 

13.(,06 

1 j. 1J6 
l3.-'44 
13./1'" 
\'I.<11l 
13.,;'.2 

13. ~Vi 
11.,,'1:> 
11. no 
15.'1"2 
\'1.'-1<:13 

1' •• ,)'·7 

14.,)<.>1 
le •• J{' 

'':'.')'''.> 
14.u';ih 

1".lJ6 

... 11':> 
4.\.:'" 
4.i32 
4.1FJ 
4.1(.(' 

14.1'H 
14 .li~ 
\4.t6';o 

14.11 ... 
14.1h 

43.014 47.J 10 • TO:; 1 
46.324 4t.. )24 .000 

46.31':> 
'-d. dO~ 
5U.7 72 

52.44'> 
5';.'HI1 
55.1.41"-
56. 4b~ 
,}7.,)92 

5!:!,646 
59.6)6 
tlO. ~ 10 
01 

63.081:: 
63.04 1 
6 ... ~ 72 
05.264 
cn.-I2d 

66.564 
!l';J 

66.178 

6t1. d '" 

69.· .. ul 
6<,1, <,110 
7ll. t.U' 
IJ. 
11. 

71.1'J2 
72.22 i 
12.&'11 
7:1-.003 
73.465 

7}.d';l4 
74.':: ~4 
Tt'.60'.> 
/".97>7 
75.120 

7').60') 

76.JJ2 
16.337 
16.054 
U..lJ70 

If. >j]1j 

(0.16& 
76.'.':>, 

{d.l)) 

{<;'.t!wCi 

till. C)') .. 

til.!. ''IO~ 

l'-i" 
12 

4<... :l4 

'o0.0':i3 
.:. 7. Zdb 

50.1,,>0 
':>0.':1 14 

') ~. ,33 
52.1b8 
'>2.n9 
':13.30" 
o;,3.lj)4 

,)').522 
Sb.el6 
':>6.4<)':> 

'.16.%0 
:'7.'010 
':ll.B'.tl 
')li.273 
~f>. (>do 

,)';.JdOl 
')9. (.!4 
,)9.d61 
6J.2n 
60.,9':. 

6!.2<,l') 
61 • .:d3 
ul. ~b3 
6/.286 

U.6()Z 
02. III 
&J.)14 

b'. 

64.':t:b 
04, H>6 
1:>4.04l 

64. 'J 10 
/)') .. (5 

(", .. 3'. 
"·,.S'10 

6(..1!;l1 
(lb.:"?') 

t"",1)c,8 
bo. '!01 
6/. t I" 
6 (. }61 

o 1. ") t' ~J 

bb.e,,'; 
6!l.?H: 

6.'1.6::, 

J1,lY&1: 

.015 

.061 
1.143 

2.ubl 
30617 
lo.t>l2 

6.717 

11. 

1 j. 771 
15 .,,:.: ~ 
l6. ?90 
1 r.':i7l 
ttl.do" 

2v.L6d 
2l.4(l1 
22. de" 

". 
If>.8i', 
21:5.[6" 
2'1, ";jci 

.30 .. ">7d 
E,l"'~ 

~ -I • ,,1 I 
3':'."iW. 
~6. H.,J 
~i.7H 

H.l21 

-.u • .,Oil 
"1.i::l'76 
4L2tJI 
(.',. bHe 
"6.07') 

I,o,:ili. 
:> D. ,! 7,~ 
51,61':l 
':; 3.d 7'1 

'it,. <ob', 
S,),,,,·,\ 

S'.,,'!'1 
'5d.rOd 
60.11,j 

t>l.'l2J 
0/,')'<\ 
64, j J~ 

6>.76' 
01, l.31 

00.':1',6 

"2 
U. o","> 

1'<,L61 

'H~ 

q, 

" '12. 
'12.):.>0 

92. ]t..tl 

liS 

'Jl.'-J:.tl 
91./b7 
"ll.tU 
91.4,,,, 
91.299 

"l1 ~ 1 ')6 
91.0l5 
'lQ.tl'N 
90.7S1 
90.666 

9U.5:'3 
90."4'. 

'!C.el4 

I" 
d'<.t:tJ4 
d'i.Slu 

8'1.45" 
.:\'1.3:)7 

:;".<'17 
d ~ .0 "'S 
I;!d."'11 

3o.0l"" 
J';\."6 
d6.')1;l:1 
31'1.4'.8 
::Ito.3u t } 

;\/;.108 
>}i3.cn 
dT.,Hj 
dr.!!',! 
d 1 • ~"2 . 

ti1 • .:.U! 
01.,0) 
'11.()!;» 

do.b'oll 
nt,.fl' 

tit.. ':>JJ 
Ro.l"} 
SO. 

d'j./:t'. 

W::>.'>'.7 
i:' •. Bl 
6'>.1.::1. 
8'· ... ul 

d4.4." 

~,.. L I J 
33."11>'1 
.jl.(;?'. 

oJ.I.'14 

Ll.(;{" Log Kp 

~Z. 2 H 11~f. iN[ TF 
'ij .'<b2 19d.l<JtI 
tho eOo - '17. '>17 
ilB .2<.,8 04.IJ88 

2d - 6",270 
" 7.45:3 

- Ji.3d" 

tl' •• 723 30.0'0 
• '/43 - ?5.::!')" 

- 22. :n<;I 

- 1';'')40 

79.2,)4 - t 7d21 

Ttl. Q~b - 15. ':>llti 
7o.u72 - 14.000 
1':>.6'H - 12.126 
74.::'h - [1.6):' 
n. He - [G. b'f\ 

72. U6 - <;.860 
n.olJ':> - c,. 1]9 

&~.Y4':1 - tl.49J 
cd. d10 - 7. 'H6 
67.b'76 - f.)Yf 

66.5-/9 b.n" 
b5.403 ..,,50.1 
64. j~ 7 6. t 15 

':>. 'bO 
').433 

1'1\.059 ::',(3) 

)9.')(;;;\ <., .B~" 
58, JI:!2 4, 5~6 
~ 7 e 11 0'< .. , 3"6 
"6.72.. "oI3l 

51. '5J tl -

3.')23 
3.(lj 

':>2.4'JI 3.3:2 
>1.l,JJ 1.lLl 

5L1.34l -
'.<:1. ~ au -

2. 
" i' • ~ 18 2 .640. 
4b.ld.2 Z. 1jl3 

':"J ,1 .. 6 <' .4\){ 

44. H_I I.. Z~6 
4).0'," 1..14:) 

"<'.au 2.'.HJ 
41.0,2 

4(). J44 1. '.Iu3 
j'f.J.H. 1.81:' 

1.732 
1.1.>')1 

3c.J)4 1. ~ 15 

,~. V-1'> 1. 'J()I 
li,.u':d 1.'dl 
JJ • .Jfl lo.l,,10 
,Z.ll!:!') 1.<,<;'; 

31.1 t'< 

-;:.:.14J 
'19. I fI 
].,;. ZOf, 
.n.2'--2 
16.290 

1) 

l·n& 

1.116 
1.11'1 
l.U6} 

l.CO" 
.'/')0 

,'lETHYl.f.;-.lf. (C;12) 

Gr-oup 

3;9815 ! 0.5 Z;_ubs/mCl1 

'_i_' __ _ 

J G ~dollt-:;,":. 

!;"C).; (~ty c::"c:! _::o.!.2.~.!':'S:'EY 

d -J.i. (l~). 

b:'n0r, at 'j ,,' cOllclu.juj i:;,at 

'_h\": ~;;;ectrw" of I1t'QUllJ 

( IDJ:(1.,t 

rl·"':::_H:'t;:J.!..~~~_'L~~}":il_r:~~<lJ. ,h'(lgu ... ns~ 

-1 

-~ -)-r J U) 

(1) ! (1) 

(1) '311'.J (1) 

(1) [ (l) 

:'3[" 

10;> • '-I ~ 

[.L30:"J 

';) 

GP:i ~ Ji.: .0210'3 

. 2~ ! 1. 0 kcall~ol 

15 ~ 2.35 :(ca"!.(D'ol 

',\! B r (; ~ 
3 fO 

~ .S~: x 10-120 

13. ~3 x 11J- 120 

'1,3'/3 x 10-1.20 

'f.~OO x 10-120 

'" 'J:l ,~.J. chi 0, 

u. -rl ,-::allr:II:)l). iJsi ns 

'I.' 1'.'''; , '"h,-ch 

CJI 
I\,) 

n 
::I: 
l> 
VI 
m 
m 
-4 

l> 
r 
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Tanta I um ~1onocarb ide (TaC) 
(Crysta I ) Gr',~ = 192.958 

T. OK 

Ion 
?OO 
20, 

JOO 
4Qrl 

500 

61)0 
700 
AOO 
QOO 

1000 

1 J 00 
l200 
1300 

161Hl 
1700 
1>"00 
\ '-I 1.10 
('ono 

?1 no 

"""'00 

3000 

3100 

3S00 

"tOO 
3 70.1 
1800 
3900 
40no 

4100 

4'>00 

'.600 
470-1 

CpO 

• noo 
(, • .;.~o 
<,.977 
R.7Q1 

R. >120 
9,'1'59 

\0.6 /,'3 

ll. 101 
11.446 

11..729 
11.97!'! 
12.10'> 

1.-'.411 
12.(,14 

5 

lJ.3Q) 

164 
13.94-8 
14. 132 

1"-. 'it 4 
14.49<'> 
1".677 
14. fl'i~ 
15.03 Q 

t'i.?19 
,'19 

15.'13.'3 

Ib.1l8 
16.;:'17 
IfI.4 !7 
th.656 
i6.1':3'5 

11.014 
17.19'3 
t 1.)1? 
17. "i'H) 
1 7. 729 

l'. 

--Kih~/mol----
S~ -{(;Q-I-f'n8)iT U~-U'''7:!JM 

• COO J ~F I ~j I 
3.07t! 16.6 
h. '176 10.8 r9 

10.\27 10.12"' 

to.12"'l 
lC.48A 
11.204 

J 7. 161:1 12.037 
I A.QOt. 12.896 

13.746 
1".570 

1.1.124 I':>. "{63 

24.297 16.122 
25.3"15 16.1"4<) 

17. ')46 
IB.2]) 
1 ~ • {IS 3 

ZQ.122 ,9.468 
29.')£.0 Z().OoO 
)O.lll 20 • .';31 
? 1.4-rO 21.182 
32.1 0 0 n.714 

..l2.f;'t}'" 
33.5'i/. 

3'1.4£.1 24.143 

31'-.03', 

38.7'18 2':.662 
3g.303 27.049 
~g • .907 
40.3CJ2 
40,791 28.164 

Sl? 
42.1 G3 29.216 
"'".647 
£.3.0«4 

45. "loS 11.179 
46.051 32.078 

I. ~5 7 
1.357 

.7f11 

.ooe 

.016 

.9')<t 
1.<lQ I 

3.07S 
4.207 
5.366 
6.551 
7.761 

8.992 
10.243 
11.5"" 
12. B06 
14.117 

15.44/ 
16.790, 

20.'1';2 

26.7')0 
2f1.24'S 

lS.7')P 
31.289 
32.838 
]4.401, 

35.9B" 

31.592 
:19.21 "3 
4C.ilS2 
"2.,Oe 
44.! 83 

4':> .875 
47. 'i85 
4'1. l14 
')1.060 
'52.82<. 

6J,7B3 
65.672 

--kcal/mol----

our 
- 34 .357 

)4.439 
- 34.'-flO 
- ).4.440 

34.439 
34.351., 

- 34.2(-'4 

1(, .190 
34.133 
34.087 
34.04ij 
,4,OOf! 

n.g04 
- 3~. 8~4 

- ').blf, 

H.?"8 
33.>'>9 ! 

-"1,'.60 

3":1.)76 
]).291 
B.20? 
33.11<' 
31.021 

J2.<l33 
.fl49 

32 .• 654 

- 12.621 
l2. 

- 41. 
41.301 
41.239 

- '01. 

40. 95~ 
40.1:121'1 
40.63/, 

39.484 
39.227 

j,cr 

- 3,(". 3H7 
34~ 3'-0 

34 

V •• 097 
33 

- 13. 
33.75R 

- 33. T20 
33.686 

33 .6'56 
~3 • "'2 7 
33.603 
33.'580 
33. ',61 

33.'548 
,3. '))7 
33.53;) 
33.527 
33.518 

D.S)2 

" 
- 33.619 

33. (4' 

'13.7tlJ 
- 33.82i 

13~ 74<1 
33.'517 

- 33 .;>91 

- 33.065 

'18 
- 32.39Q 
- J2.1 8':: 

30.990 
- 30. ~06 

December 31,1973 

C-~ a 

I.og Kp 

INF IN IfE 
7').051 
37.3<;1'5 
2 4 w995 

14 • .'124 

Gl.222 
a.188 
7.362 

6.1':87 
0:3.124 
5.6,.Q 
5.242 
.... e90 

f •• S82 
4 •. '11 
4.011 
3.856 
3.664 

~. 490 
3.332 
3.19R 
3.057 
2.<;IU 

2.82h" 
Z.724 
2.629 
2.541 
2.458 

2.382 
Z.310 
2.235 
2.154 
2. .079 

2.007 
1.940 
1. S7t, 
I.Rlb 
t.7'59 

1.412 
1.433 

TANTALUM MONOCARBID£ ('!'dC) 

!: 0 10 gibbs/mol 

! 200 K 

Heat of Formation 

(CRYS.TALl GFt..' :::: 192".95'8 

·kcallmol 

_3 ll.44 ~ 0.9 k.cal/mol 

:::: r 25.0 !' 5.0] kcall:nol 

eTa 

There are eight oxygen bomb calorimetric studies on T.,.C reported in 'the literatul"e (.b.-f) and one CO(g) equiliDri:..Jm study C.V". 
The adopted value is derived from the cillorimetric study of Huher et al. (§). These authors studied the combustion Qf ten 

TaC
x 

samples wh~re x covers the ran.,;t" 0.724 "to 0.99"B. For each composition seven or eight t:ol~,bustions were performl!d. Huber 

et it]. (.§.) reported ":ha"t the combustions varied from. 911-.fl3~ to 100':. cOJ:1Dletion but were uSiJally greater than 991'. Corrections of 

the order 0.4% or leSS wer'O! iT:iJd" to the [Iedt of combustior: value to account fol"' impurities. The calcul<lted heats of formiltion 'faT' 

the ten compositions were firt€"d to both u quadratic and line<lr equati.on b'i t"f'. least ':;q'.JaT'e'S m-:thod by Huber -et: dl. (.§). Each 

value: was weip,hted inversely ppoportional to ~he sq1.laT'€ of its uncertaintv. Using the linear' equflt:ion for I!.Hf 298 ,'::lnd correcting 

for' the J/'.HAF valw;! oj I!.Hf'2ge(Td
2

0
S

' c) (1Q) , we extra?olate to x :::: 1.0, calculate, and adopt ~ilf29& :: -3l+.ljlj ! 0.9 'kcal/rr.ol for 

TaC. The qUadf'at:ic equation le-tds to a valut' of -33.91j· ~ 1.2 kcal/flbl which is consi3tent with our ddoptt'd v"ilue. 

Huber e"l: al. C.§.) and Storms (]Jl have reanalyzed the ce.lorimetr'ic and equilibrium Gata (.l-l)- for Tae).: (x=0.77L1 'to O.99't!'). A 

graphical comparison of the results (i.~.) !lHf29S values x) indicated that the lineCj.i' 01' quadratic equation suggested by Huber 

et dl. (.§) is <1 satisfactory repr€sentdtion of all the snor"tcomin.gs of the various studies have been 

discussed by Huber et 03.1. (§.J and Storrm> C1J) , For the oxyeen study by Hah (.!P led to u reported value of 

(I,Hf 2SR ':: -35,4 !: 0.5 kCdllmo] for TaCo. 99"& based on six combustions. 

K-:lley (11) mea:.u;'ed the h(!a"t capacity of TaC in the region 54-':194' K (32 points). The reported datd refe'rs to stoichiometric 

TaC with cOr':r¥!"c'tions for O.03~ tr<:!« carbon having been made by Kl'lley (12,1:.1). ThE: sam;)le c;)ntain.cd :ess them 0.0'J~ impurities 

ot:her th~n free carbon. Using the Debye func"tion sugges1:ed by KeU .. ev (If)) we calcul,)te and adopt SSO ..: 0.S31 .I<:ibbs/rul and 

= 30.]0 cil1/mol. 

the numerous enthalpy and heat capacity studies on TaC <l.:!.-1.::.) 1 the adopted Co
Q 

values for T > 29? j( dre derived prirn.J.rily 

from the stuclies of Pankratz et al. (1]), C,lang (11), L(~vinson (:hZ), ar.d B()lg;":lr e1:: I3J. (l~). The h~at: capacity data for 

20n .:: T .2 2<;18" K r.lre clsed to derive enthalpy values whlch in turn ape uo:;",d to const""ain the high t"!r.rperat:1J're enthalpy data. A 

polynomial curve fit"ting technique 1::J used for the Pa~kratz et a1. (1..1:) 'Jnd Levinson (2) data, with the above rn"!ntion~d 

ccnstrdLnts) "to obtdin a smoo'th joining of the t'€s1.l1ts near' ,,91l K and to pr-ovi de an equa.tion suitrlble for eXtrapolation to "fm. 

?dnkratz et a1. (1..J) determined the enthillpy of in the r~gion ll05-171)() K (IlJ data points) while Levinson (1-2) studied 

the rdnge 12R9-2"f78 K (15 da1:a Doints). sets of data dr'E! corrected to the s"toichiometric corn-;:>osi't:ion (raC) 

excess free carhon. The::;e Cot':'C'ecti:Jns are roughly 20 cal/mol at 100') K and 90 cal/mOl at 2500 K (lQ). Chang (!..l) 

determined the enthalpy of a reported stoichiorne't"ric l'i'!C s,'lrnple for 32 l1-99S K (11 an.t-a points). i:\o"lgar e.t oli. (ll) reported 

equation for Cpo v,-;.]ues: as a func'tion of T and x fol" the 1200-21100 K ran,v,e. This e'luation wa.s bssed on a study of four TaC:;.,: 

compositions. We use this equation to extrapolate "to the TaC cornpositi.on. 

l'he ddopted tabul<.lt.i.on yields enthalpy valUE~s for' T < 1200 K which ar~ very si'TIilar to those suggested bV Pun:<ra:tz et al. 

ell', the difference being no ITDre than :!20 cal/mol. Above 1200 K, the d-'\ta of p",nkra"tz et H1. (U) lies low approaching rour.hly 

It in "the 1700-1BOO K region. Tl-te Ch~ng da.ta (2J) lies b~Jow th.o:: -:::abul~ted enthalpy values for T <: FoOO K. The a.vtT'age devia"tion 

is 0.94% with the maximu:n of -2.5~ OCCUT'ring ilt 32li.U K. fhe ::"e'IJinson d.oota (]7) has an average devliitl.on of 0.5" wl.th considerary]e 

SCatter, The CpG valiJes of Bolg-ar et a1. (11) lie 0.21 gi~bs/mol (1.:)4%) low at 12»0 K and drift to O.113 gibbs/mol 0.00%) high at 

2200 K, The Ncent enthalpy data of Sheindlin et al. (l~) ha:o considerable scatter' and deviates fT'om our tabulated viilues by an 

average devia.1:ion of 6%. 

Phase. Dili 

ToC ha.s a cubic structure of the NaCl tYl)o'! <'11) and ha.s a wide homog8nclty r.:\ng;e. From the phuse diagram for the Tcl.-C system 

given by Storms (±P, the tempeI'atuI'E' dependent homogeneity ra.nge extends iz'om x::::O.58 at 3603 ! 100 K to x=0.93-8 or possibly 

x=1.00, The phase boundary at a eutectic temperature of 3573 ~ SO K is TaCO.Sf<' A discussior' of the phase di'lgram for Ti1C x 
(x-O .no to 1. 6) is given by Storms eli). 

Mel "tinE Data 

Refer to T2-C(.e) table, 
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Tantalum Monocarbide (TaC) 
CTa 

(L i qu i d) GFlli 192.958 

-----gibbs/mol---- ---kcal/mol -----

T. "K 

100 
200 
298 

Cp~ s' -1(;O-W29Sl{f HO -H°:l9ll .1.Hr M;r tog Kp 

300 
400 
sao 

600 
700 
800 
900 

tJOJ 

1100 
1200 
1300 
1400 
(500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2800 
2900 
3000 

3100 

V.OQ 
'SOD 

}600 
3700 
5900 
3900 
1.000 

4100 

8.193 

8.820 
9.958 

10.643 

11.101 
11.446 
1l.7?9 
11.978 
12.205 

13.764 
13.948 
14.132 

14.314 
l4.496 

8")0 

1'5.0J9 

16.000 

16.000 
16 ~OOO 
16. 000 
Ib.JOO 
16.000 

t6.00D 
16.000 
16.000 

16.000 

16.31 Q 

16.314 
19.078 
21.317 

23.360 
25.098 
26.64'; 
28.04] 
29.315 

30.4RR 
31.577 
32.594 
33.551 
3 .... 456 

35.314 
36.131 
36.913 
37.662 
38.382 

39.076 
39.746 
40.394 
41.023 
41.633 

42.226 
42.B04 
4'3.31>8 
"-3.929 
44.471 

"'4.11g6 
45.504 
4 .... gq6 
46.474 
46.938 

47.3fj9 
47.827 
48.254 
"'8.61;9 
49.074 

49.469 
4200 1 ..... 000 4'1.R55 ;,Ycio-----16".-6·:)o ---50-.-B·1- ---

4400 16.000 SO.599 
4500 16.000 "0.959 

4600 16.000 51.310 
4700 16.000 '>1. 6~S 
.. 800 16.000 51.991 
"'900 16.000 57.371 
5000 16.000 52.645 

'i100 16.QOO 52.961 
5200 16.000 53.272 
5300 l6.000 53.'577 
':0400 16.000 53.876 
':1500 16.000 54. I 70 
,------------ ------------
5600 16.000 54 .4~,8 
5700 16.000 ~4. 741 

lA.OOO 55.0}9 
16.000 55.293 
16.000 55.562 

16.319 

16~ 319 
t6.680 
17.396 

19.938 
20.162 
21.554 

22.314 
23.041 
23.731 
2" •• 404 
25.045 

2').660 
26.252 
76.823 
27.374 
27.906 

2R.422 
20.921 
29.406 
29.877 
30.33'5 

"30.781 
31.216 
31.640 
12.054 
32.459 

32.855 
33.242 

35. J.02 
15.736 
36.065 

.000 

.01t 

.9'S'! 
l.q<ll 

3.0?'} 
4.207 
5.36t 
6.5'51 
1.161 

8.9'12 
10.243 
11.514 
12.806 
14.117 

15.447 
L!:~ 795 
18 ~ 16 2 
19.548 
20.9'52 

22.374 
23.815 
2').273 
76.750 
28. 24~ 

2<;1.758 
) 1.289 
:l2.A38 
3io.438 
36.038 

37.63 f! 
19.23E 
40.818 
42.43E 
44.038 

45.636 
'" 7.2 3E 

52.038 

6.115 

8.11 4 

8.030 
1.940 

7.865 
7.BO,) 
1.163 
r .123 
1.684 

7.648 
1.613 
7. ">19 
7.540 
7.492 

7,434 
1. )66 
7.2'12 
l.Z1e 
7.136 

7.051 
6.967 
6.377 
('.787 
6.697 

6.bM 
6.525 
6.447 
6.341\ 
6.281 

6.251 
6.263 

- 15.036 
- 1 '5. 047 
- 15.060 

- 15.074 
- 15.090 
- 1';;'101 
- 15.126 

15.146 

9.621 

9 ~63 0 
10.1''<7 
10.687 

1I.244 
- 11.811 

12 .. 386 
- 12.966 

13.553 

14. L-42 
- 14 ~ 733 
- 15.328 
- 15.924 
- 16.524 

- 17.130 
- 11.738 - 18.150 
- 18."'(>6 
- 19.587 

- 10.210 
- 20.841 

- 23.392 
- 24.041 
- 24.690 

25.34) 
- 25.999 

- 26.657 
27~ 315 

- 27.662 
- 18.248 
- 28.639 

- 29 .198 
- 30~ 184 
- 30.570 

7.051 

7.015 
5054:' 
4.671 

4.096 
3.688 
3.364 
1.149 
2.962 

2.810 
2.663 
2.511 
2.486 
2.408 

2.340 
2.260 
2.228 
2.182 
2.140 

2.l03 
2.070 
2.040 
2.013 
t.<ia9 

I.Q66 
1.946 
1.927 
1.9tO 
1.894 

1.879 
1.866 
I.B45 
I 

1.762 
1.137 

'%.387 53.638 - 15.168 - 30.957 1~b50 

36.70") "".23H - \5.192 - 31.339 1.631 
37:013------5-6.-83-S-- - :--"EC2-Ca-- -:--31:Yis--------l:b12 

58.438 - 15.245 12.109 1 • .,95 
60.038 - 15.27 /, - 32.493 1.576 

61.638 - 15.305 12.87'. 1.562 
63023f! - 15.337 13.256 1.5:"6 

18.484 64.838 - 15.372 - 33 .63'5 1.')31 
18. 7 63 6f>.438 - 15.408 34.016 1.517 
"19.037 1;)8.03Fl - 15.446 - 34.JCJ5 1.503 

39.101 69.638 - 1';'487 3< ... 778 1.4'QO 
39.573 !l .238 15.52'1 - 35.154 L.471 

19.8H 72.83.!! - 15.51'3 - 35.'529 1.465 
40.091 71,.432 - 15.619 - 35.004 1.453 
40.344 16.038 - 15.668 36.280 1.442 
-------------------- -- ---------------
40.594 77 .638 - i5. HE! - 36.655 1.431 
40.1340 79.23!l - 15.171 - 37 .031 1.420 
41.082 8C.83€ - 191.Q74 36. 'lao 
41.320 92.'.311 - 192.029 - 34. ~03 
41.555 84.038 - FI2.0QO 31.634 

December 31, 1973 

TANTALUM MONOCARBID'C (TaC) (LIQUID) GF'''" 192.9sa CTa 

S;98,15 (16.319J gibbs/m::.>l 

TIn ll.27J:!: 200 K 

Td 5581 K 

Heat of Formation 

6Hf798.1S :: f-8.115J kcal/mol 

lIHm
g 

:: [25.0 '!; 5.0) kcal/mol 

The heat of formation of TaC(Z) at: 298.15 K is ca1cul:ited from 'that of the crystal by add'cnS l\Hm~ and the difference 

between o-l~273-H;98) for TiiCCc) and TaC(n. 

Heat Ca?acity and Entropy 

The hedt capacity for TaC{ tJ is assumed to be 16,0 gibbs/mol for the ent:Lre liquid phase. A glass t'('ansition is assumed 

at 2800 K, below which the heat capacit:y values of the crystal aY'e used. The entropy is calculated in a manner analogous to 

'the heat of formation. 

Melting Data 

The phase diagram given by Storr.'~<; <1 .. ) indicated a eutectic melting at 3673 ± SO K. A congruent melting point was e:stil:'lated 

by Storms (]) at roughly 11773 K for TaC
O

•
BS

' As ilD apPl"oxirnation due to the uncertainties in this area of the phase diagram, 

we adopt 'I'm ::: 4273 !" 200 K and assign this melting point to TaC. We assume a heat of melting ~Hm" :: 2:',0 ~ 5.0 kcal/mol 

U.Sm~ '::: S.BS gibbs/mol). 

Decomposition Dat.:! 

Using JA"IAr auxiliary datd <.V, we calculate l'd as that" temper'ature at which IIGr
o 

approaches zero for the reaction 

TaC(O :: Ta(t} .. C(gl. We ca.lculate Td :: 5581 K as the decomposition 'Cemperdture. 

References 
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CTa 

c.n 
,1::0 

("I 
:I: » 
VI 
m 

!!I 
» r 



.... 

." 
:r 
~ 
n 
:r 
II> 

~ .., 
~ 
o 
D 

P 
< 
~ 
.~ 

z 
!:I 

-0 
'-I 
.." 

Trichromium Dicarbide (Cr
3

C
Z

) 
C2Cr 3 

sta I ) GF\~ - 1 B 0 .01 0 

~~~~gibbslmol---_ --kcal/mal 

T, "K LP~ s· -(G"-W:n;>s)(T HO-H~~!tH [HIr" 'Gr Log Kp 

0 .000 .000 INFINITE 1.611 2 0 ~ 60 3 20~603 lNF IN! Tf 

loa 1.48b 3.417 3 f ~ L 89 3.317 - ;:: 0 ~ b 16 - 20~b08 45.040 

200 17.S"!:! 12.099 22.421 2.064 - zo • .,'!) 20.593 22.503 
298 23.731 20.419 ;;>0. 1.19 .000 20.400 20·&28 I). L21 

'00 23.!J20 ZO.566 20.420 .04'" 20 .39~ - 20.62<;1 15.02B 
400 27.600 27.913 2l.404 2.628 20 ~O51 20.757 1l.341 
')00 30.001 }4.408 23.376 5.516 190664 - 20.919 9.! 10 

31. 476 40.011 2':>.692 B. '.I'll - 19.295 - 21.279 7.151 
3Z.42} 44.932 28.096 ll.n'S - t8.961 21.632 6.7510-

800 B.246 49.31t. 30.4BO 15.069 18.680 22.033 6.019 

900 34.001 53.276 32.796 18.432 - 18. f.39 - 22.470 5.457 
1000 34.134 56.t!96 35.028 2l.869 - 18.249 - 22.930 5.011 

llCO 35 • .r.,63 60.241 31.170 2 5~ 316 - 18 ~ 126 l3.403 4~650 

1200 36.191 63·158 39.224 28.961 18~ 075 - 23.884 4.350 
1300 36.939 66.76::' 41.1q4 32.618 - 18.10a - :U •• 369 4.091 
1400 37.MO 69.050 41. 086 36.349 H~.222 - 24.844 3.87B 
1500 38.449 71.676 44.905- 4D.156 18.423 - 2~. 311 3.68B 

1600 39.2 t1 74.182 46.657 44.039 - 18. HO - 25.764 
1IaQ J9.99~ 76.582 48.347 48.000 - 19.080 - 26.193 
1800 40.7 rl 78.&90 49.980 52.038 - 19.542 26.599 3.230 
1900 41.5')6 81.116 51. ')61 56.154 - 20~O91 - 26.975 3.103 
2000 42.346 8).26-' ~3. 093 bO.349 - 20.129 - 27~32'3 2.986 

~l.9P ____ "!.h)'):!L ___ J3_5_._3_~l ____ ?'!~<j]9 _____ 6_<'t·A{.~_ _~J.!':-5) ____ -___ n'l~}2 ___ ___ L·_8J6 
2200 43.920 B 1.317 56.024 68.916 36. L36 - 27.442 2.726 
2300 44. HZ 8q~J47 57.431 73~ 40B - J5~ 70s - 27.052 2.511 
2400 45.504 91.267 5a ~ 80} 71.919 J5.207 - 2".687 2~430 

2500 46.296 91.140 bO.131 62~ 509 - 34.629 26.346 2 ~ ":J.Q3 

Dec. 31, 1973 

TRICHROMTU11 DICARBJDE (Cr
3

C
2

1 (CRYSTAL) GFW:: 180.010 CZCr
3 

S296-.15 20.4] co: 0.10 gibbs/mol 

~Hro ':0 -20.6 !: 3.0 kcal/mo] 

llHf 298 .15 ~ -20.4 ~ 3.0 kCdllmol 

Heat of rorrt'-dtion 

She reported -574.:' ! 0.'1 11ah (1) determined the heclt of 

kcal!mol bdsed on the reaction 

Mtf 29 !t ':0 -70,11 kcal/mol br 

the other two WE'pe 99.17% and 

, ,Je calculate 

the six combu:;tion run3 four were complete combustion'l whereas 

comple1:e. CorY'€ctions were '-"ade by Viclh (j) for incomolete combust-ion, forffidtion of small 

amounts of CC(g), clnd impurities. These corrections dJro1.mt to less tl~a.n 1.95', of "the ~r:~ valUe. 

There are many equi librluT!l studies involving Cr 3C2 (c) (1-1;P. Our analysis of d pOI'"tion of these studies 

K~.f~.!~~Jl_g~ 

8 

10 

11 

12 

Reaction A: 

!\€act:ion B: 

Reaction 

A(lll V"ts.)"'" 

;..<ID pts.) 

B(!::!qn) 

S(eqn) 

B(eqn) 

4- 2 C(d 

Based on 3rd law I1Hr~. 

">BrigS' kcal/mol Drift 

Range, K M~thod ?nd Law 3rd Law 

1241/-1362 CO equilibrium pr<::SS\lN< 52B.:)9 S 3 3 . 2 5 3. 'It 3 • I ~ 

1315-1366 CO equilibrium pressure 495.46 :'26.56 23.0!5.4 

880-1100 emf (Cat
7

) - 9;34 -12.60 - 3. 3 

]073-1303 emf (Th0
2

·Y
2

0
3

) -12.70 -15 73 -2.5 

885-1095 -15.42 -111.92" 0.5 

t 9 CO(g). 

1371.> K point: rejected due 'to statistical tGst. 

ti1b~jated below. 

-21. 29 

-74.5!: 

-12.60 

-15.73 

-14.92" 

The CO(g) eqtlilibrium pressures measured by Hcusler (l) in the range 1159-1369 K H'e higher "than those of Kelley et a1. (!:!,) 

by.'t factor varying from 2.0 to 1.4 with increasing tempera"ture. Three st"udit:!s measured the chro",ium pressure in equilibrium 

with C{c) and Cr
J

C
2

(c) (2.2, .2)", Reported heats of formation for Cr3C2 from th~se studies are -23.1 kCdlimol (Z), -14.2 kcal/mol 

(J), and -22 kca1/mo1 (~). Alckseev and Shvartsllldn C.§) STudied the deCnrburization of the chromium carbides. Mah (1) analyzed 

their cia ta and reported = -15.6 kcal/mol for 

The lIHf~ results are quite scatTered with the i.~mf Y"esults being 2'ouf,~ly 5 kcal/mol more positive than the comb 11stion and 

pressure equilibriuJ11 studies, Possible explanations for these discreuancies are discussed by KUlkarni and Worrell (1.§.). vie 

adopt hfifi9S ::: _20.4- "! 3.0 kcal(Tnol fo~ Cr3CZ(c) based on The combustion study Oy r'lah (1). 

Heat Cap .. ci ty dnd Entropy 

The heat cap<!city of has been measured by Kelley et cll. (~) (5.3-296" K, 29 'p"ts, 1 and DeSo?"'bo (l:!.) [12-301 K, 55 pts. J. 

As reporto::d by DeSorbo (~), results of thes~~ two studies differ by no more than 0.1'1,. Using tr,e Debye function 3D (300!T) 

as suggested by DeSorbo (l!:), we calculate and adopt S12 = 0.0291 gibbs!rr.ol and Hi2-lie:" 0,268 cal/mol. The enthalpy has be~n 

measured bV Kelley e't aI. (:±) (481-1576 K, 17 uts.J and Orlani and Murphy (Q) [2.91-1188 K, 11 pts.J. As 5ta"ted by Or-iani and 

Murphy (]2), their results <1:re soroewhdt lower than those of Kelley et al. (.:±); the maximum difference is 1.2% at g.J(I K. for 

T > 298 K, WE~ ba"e our adopted values on the enthalpy data of Kel:"ey et al. (!:!,). The enthalpy data. is subjected ~o a curve fit 

procedure wi"th the constraint t:-tat it join smoothly in the 29& K region wi.th the enthalpy derived from the heat capacity data of 

Kelley et a1. (~). The deviations between the tabulated and observed enthalDY average 0.25% with a maximum of O.7B~ at the lowest 

observed tempe!'ature, 480.7 K. 

'phase DA.ta 

StOJ'ms (11) has s:.ltnITl.:!rizeci the phdse informatio:il. for the Cr-C:::'3C2 systr.m and reuorted tnat Cr3C2 has an orthorhombi.c 

The "range of homogeneity is unknown (.l2) . 

Decomposition Data 

The tentative phase diagram for the Cr-Cr
3

C
2 

system proposed bv Star-ens (12) indiCated that: Cr 3C2 has .-m incongI'uent melting 

point at 2168 K. 
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Heptachromium Tricarbide (Cr7C3 ) C3Cr
7 

(Crystal) GFW ~ 400.005 

glbbs/mOl---- kcalimol 

T,OK, CpO r;' -(,,""-HOll9~)rr H"-HOus <lHf" ~Gf' ug Kp 

0 .000 .000 INFINI TE - SdZI - 39.015 - 39.075 INFINITE 
100 19.219 9.436 85~OlO 7.557 - 38.918 - 39.142 85.544 
200 40.013 29.970 52.340 - 4 .. 474 - 38.715 - )9Q3£.1 43.012 
298 50~ 131 48.036 48.036 .. 000 - 38.400 - )9.725 29.119 

300 50·280 48.347 ">8.037 .093 - ,8.369 - 39.731 28.944 
400 SO.576- 63.743 50.093 5.'160 - 37.841 - 40.2~9 21.997 
SOD 60.438 76.807 54.164 11.322 - 31.283 40.933 17.892 

600 62.n9 88 .. 05'1 58.897 17.497 - 3t.792 - 41.712 15.194 
100 64.999 91.921 63.782 23.897 3b.371 - 42.559 13.28S 
'00 M.i:l2!:l lOb.nl 68.609 30.489 - Jt..OOT - 43.469 11.875 
900 68. ~96 11 ... 094 73.29<, '37.260 - 35.709 - 44.426 to.788 

1000 70.356 i22.0l2 77 .804 44.208 - 35~494 - 45~409 9.924 

dOD ?loi27 128~/:jOl 82.135 51~ 332 - 3,)~ 399 - 46.403 9~219 

1200 73 .. 9H 135.153 66.2<;'2 58.634 - 3,)~445 - 47.400 8.633 
1300 7'5.727 141.141 90.283 66.116 - 35.658 - 48.391 80135 
1400 77 ~'556 146 0620 94.120 73.780 - 36 0039 49.353 7.704 
1500 79.401 152.234 97.815 8L.bUJ - 36.603 - 50.l88 7·327 

1000 81.260 l51o'd1 101.319 89~ 661 - 37.350 - 51 ~ l80 6.991 
1700 83.132 162.400 104.823 97.880 38.280 - 52.014 6.681 
1800 85.01~ 167.20S 10B.156 100e 287 39.408 - 52.791 6.410 
1900 86.907 1 n.3S2 111.387 114. aa3 - 40.7Zf ')3.498 6.154 
lOOO 88.807 176.358 ll4.523 123. 6 69 - 42.243 - 54.135 5.916 
-----------------------------_._------------- ---- --------------- ---------------------
2100 90.715 180.737 117 0 573 1320M'5 - (~3e953 - 54.664 506<;11 
noD 92002'5 la'5.001 I 2J~ 541 1416812 - 16.216 - 54.060 50170 
2300 94~ 534 189.161 123.434 151.170 - 7le214 - 526919 5.034 
2400 96.445 193 0 224 12:6.258 160.719 - 16.030 - 510951 4.731 
2500 98.355 197~200 129.016 170.459 - 74.658 - 50.978 4 ~4~6 

D<?c. 31, 1973 

HEPTACHROMIU!1 TRICARBIDE: (Cr
7C 3) 

S2ge.l~ = 48.04 ~ 0.30 gibb,,/mol 

Heat of Formation 

(CRYSTAL) OfW 0 "00.005 C 3Cr 7 
llHfO = -39.'1 !': It.O kcal/mol 

llHfi98.J5 = -38.1J. :": 4.0 kcal/mol 

Mah {l) determined the heat of combustion of C!"7C3{c) using oxygen bOl7lb calorimet:ry, She reported "'Heiss- = -1193:.0 ! 0.9 . 

kcal/11101 based on the re~ction Cr
7

C,3(c) + 33/tl 02{g) = 7/2 Cr
2

0
3

(C) .. ,3 CO
2

{g). Using JANAr auxi.liary data (~), · ... e calculate 

LlHfi98" :: -38.4 kca1/mcl for Cr.,C
3

(c). Mah ( .. 1> reDorted that the six combustion runs gave !Jg. .. 09"to 99" .. 64\ conmlction of comb'J.stion. 

Corrections for incomplete combustion, forma1:ion of small aiftC)Unts of CO{g) I and irtl()urities were made by Mah (1). These corrections 

amount to no more than 1.0 11% of the cEc· valt:e. 

The p'!"eusu!"es of CO(g} in equilibr-ium with a C!',,03-CT';C3-CrZ3Cfj mixture have been measured by Kell<:y et ai. (1) and Kulkarni 

and Worrell (,;,). Kelley et al. (1) also examined the Cl:'203-Cr3C2-Cr7C3 system. Kulkarni and worr'ell (~) measured the CO pressure 

using a torsion effusion technique while Kelley et al. (]) measuI"2d the pressure IMnome'trically. The resul'ts of our analyses are 

tabulated in the following table. In .all cases we have assumed unit activity for t:he conaensed species. 

6Hr29 8" kcallrnol ::Jrift I'IHf29a(C!'7C3' c)-

Reference ~K Reaction 2nd Law Jrd LdW eu ~l 

1307-11~97 A (9 -pts.) 99~". 44 970.71< -16.9!-4.3 

1111-1250 B (11 pts.}<1 ]20.48 218.9£1 l.hO.6 

1505-172 3 B (15 pts.) b 211,34 220.89 S. B!2.0 

Reaction A: + 27 Cv3C2(c) '"' 13 Cr'7C3(c) + 15 COCg). 

Reaction B: C1"7C3(c) = Cr
23

C6 (c) +- 3 COCg). 

+ 'Based on 3rd law (\Hr~. 

CI. 123!.J.6, 1251).0 K points deleted due 'to stat'istical test; effective range is now ll11-1220 K. 

b 1524 K point deleted duE'. to statistical test. 

-41.53 

-35.18 

-35,81 

We adopt .... Hfi'J8' = -38.1J. :': 4.0 kcallmol fo:::' CI'7C3(c~ based on the combustion data of Mah (1). The equilibrium studies by 

Kulkarni and Worrell (.=!.) and Kelley et al, C]) are in reasonable agreement wi th the ~dopted value. £quilibriu!/! studies involving 

Cr
7

C
3
(c} by Hancock and Pidgeon (.2), Alek.seev and Shva!"t.sman (§), and Bolgar et al. (V are not considered C,Z). 

Heal: Capaci ty and Entropy 

The heat capacity (54-295' K, ,9 pts.) and ent:halpy (4d!)-1580 K, 15 Ot5.) have been measu['ed by Kel1(oY et al. <.~). Using 'the 

Debye funct:ion suggested (1), we calculate = 1.679 gibbs/mol and H5C-HO 62.65 cal/mol. The adopted heat capacity curve is 

based solely on tht: above mentioned study the constraint that the heat canaclty values derived from the ent:halpy data join 

smcothly with 'the low temperatuJ:'e heat ca.pacity values near" 299 K. The obse!"ved Cp" values deviate from the adopted values within 

:!:O.2~ for' T < 29& K. The enthalpy data agrees ... ithin :!:O.3S'l, with the tabulated values except for the 1'263.4 K data (1.66'1. or ~~1.0 

kCdl/mol too low) and the t\% points at: 1545.1 and 15'18.1 K which were r:.o't included in the 1')olynomial cUr've fit: (l,), '('he poly

nomial is used to extrapolate Cpo values above ).510 K. 

Phase Diitd 
Storns (.§) :l3S summarized much of the ::hase data for the ch1'Omium carbides and reported a h;?xagonal str'ucture for Cr7C 3 · 

'111e homogeneity range for :r"C 3 is not knmm (!!). 

DecoinPcsition Da1.", 

The tentdt:ive phase diagram for tht! Cr-Cr
3

C
2 

syStem as proDosed by Storms (l!) indicated dn incong!'uent melt:1.ng ai: 2053 K. 

R", fl:!rences 

1. A. D. Mah, U. S. Bur. !1ines, RI 7217, 196-9; 
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0
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3. X. K. Kelley, F. S. Boericke, G. E. Moo!'e, r:. H. Huffman, and W. '1. Bangert, U,. S. Bur. Mines, Tech. Paper 662, 191..':9. 
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Chromium Carbide (Cr 23 C
6

) 

(Crystal) GFW ~ 1257.974 

~---,gibbsfmol---_ ·--kc!<lI/mol-

T."K CpO s" -(GO-HQzs!!){r HO-H"~t! L\Hf" 

300 
.00 
SOD 

600 
700 
i:lOO 
900 

1000 

.lWO 

lJ2 

150.'H';U 
l6ti.hO 
180~ 100 

187. -/99 
l'd.}44 
l 'ilG. 1 ~ 3 
Z 03~ 2 t t. 

20/j~ 447 

1100 21).016 
1200 
1300 
i400 
1500 2H.11J0 

.000 iNFIN HE 
25b.S5tl 
15~. 25b 
14f>e232 

265·605 
294&960 
32100 f1 
34 /'0707 
~b6o 386 

3tH;>~ ,,01 
405~ '~6 

'.lJ~ 1 '51 
4 l·O.ObO 
(.?6~ Z! 3 

146.28? 
1520423 
164~ 554 

178.664 
193. V5 
lU7e 604 

545 

247.833 
260.182 
272.040 
Z83~ ':;;'1.Z 

294. 1.26 

- 25$037 - 19.715 
.)40 - 1'J. ~27 

- 79.165 

33~ 741 

52.l64 
11e214 
90 .. 779 
110~846 

131.427 

152.542 
174.20a 
196.444 

- 18.500 

78,476 
- 17.36\ 

16.095 

- 74.390 
- 73.8'06 

72.974 
72.297 

- 71.8B7 

- 1l.tl50 
12.260 

- 73.190 
- 14.659 

7h.707 

~Gf'" 

- lq~ liS 
- 7gefl?9 
- 8[J .. 2B8 
- !:lO~ 'H3 

- 80.98{J 
- Sl.979 
- S:h2'H 

S4.8~O 

- ab. ~73 
- 88.4~4 
- 90.446 
- 92~496 

- <;14.5<;'0 

- 'Jt>o 592 
<;8.592 

- lOO.lo87 
- 102.264 

Cr Cr 23 o _ 

l4Jg Kp 

INHNlfE 
174.532 
8/.134 
59. 3')~. 

:'8.994 
44.791 
30.407 

30.90 , 
27.029 
24.1""') 
2l o 9f.d 
20.215 

13.185 
17.592. 
lb.515 
15.661 
140901 

1600 24i.2'1~ 471.715 305.025 266.704 79.333 - l03~897 l4e192 
1700 24'J'L4Q'J "'t.l}9l'P"ij) 
l8'OO·--- i';;. i'jO---501~O-a7- __ J_l~,,--?E __ __ '?j}.!')_~2.. ___ : __ ~~!? ~~ ___ -__ lQ.~'!. ~~? __ .__ J_3~_5_{~~ 

325,196 316~604 - 86.376 106.504 12.939 
1900 262.061 515.084 334.624 342.494 - 90.1:119 - L01.5f,5 12.313 
2000 2613.431 52a.688 ).44~179 36':i.:.l19 - <)5.887 - 108 0 327 li.a3l 

Dec. 31. 1973 

CHROMIUM CARElD£ (Cr
73

C
6

) 

S;98'.1) = 146.3 ~ 1.0 r;ibbs/mo1 

!ieat of formation 

Hah (1) dvter;nined the hhi.t. of co:nbustion of 

-]~OI;.2 ~ 1.5 kcalf'1lo1 revorted by 

combustion equation is (r
2

::;C 6 (c) + 93/q 

(CRYSTAL) Gn..; :: 1261.97-4 

£lEf'; = -79.7 "'.: W.O kCdllmol 

lIHf;9fl-.15 :;- -78.5 lOJ) f:c"'.lfmol 

usinr; oxysen bomb cal(")l'irnetr'V. U~; ing il.Uxili,uy ~T.~NA: data (1) itnd tl-Je 

for the cOl"'l::u';tion o,f we cdl culate 

The factor 

:: -78.5 kcal/mol for 

makes the MIl' va:!.ue 

tr.c )""',1n0 CQTrJ'·1c;t1.0n runs, M'lh (.1:) reuort0'd complete 

S1.">.:. Corr~C'tions ror incomplete combllstion, formatior. 

of sm<.tl1 a:nounts of C(")(r,) ,:,.nd impurities wen'. nude by CJ,). T"r:.8",,~ c()rr'ectiom; <l.1nnunt to no more th,m 0.7: of !.hE' ~f.co value. 

The pressures of Cr)(g) in equilibri.um with a 

',~orrell (.=±.). Our allulY51.S of their d'lta is 

(}) Q<ld Kulkarni and 

iU1.d Worrel} (::.) '1leasll:red thE' CO ?ress·ure using a torsion 

effusion technique while KelJev et al. (1) measlJrecl the pre~jSWre nUHlorl\<'!tr"i.c...,.11v. Tn all cases llnit a.ctivit·f is dssumed for the 

condens,!d ~;pecies. 

Reference ~~.,--!5 

117:J-1307 

1158-1286 

1156-1283 

J.571-1772 

Corrt"'nents" .. 

1/4 1m 

1/:l 111m 

1/2 mm 

React~Ql} 

A{15 c·t:;.) 

A( 8 v1:"8,) 

A( ])t5.) 

A(H pt",.)d 

Reaction A· CI'23C6 + 2 CT'203(c) .;: 27 Cr(c) "'" 6 C()(v,) 

lH 29ft , kcal/rr.ol 

_~nd La'.;; 3rd L~w 

lJ65.37 462.43 

"SO.111 

451.11[, 

t,S0 ,n-: 

462.31 

1161.72 

467.19 

Drift 

-3.2"2.5 

9.·9t"7.2 

LJ,3:!"3.3 

4 • 5 ~ 4 • () 

Ie) .. 

-78.53 

-78.:\} 

-83.82 

-83.29 

~ 3'1'd law value. 17?5. 177~ K !,o;.r.ts rejected do..;8 to statist.iedl test. 

effus ~on ot'ifice dialTl.f;:'te:r 

for 

i<ulk-'l.rni and '.!')r1'ell (.:::.) f')r 

basp.G on the combustion d'l.ta of l-ldh (1), ... ;:i th exc~llent suuport in the 

eq u 11 i :n' i. urn ctiam"ters cd 1/1+ and lI3 mm, 1~1.l1ka{'T\i anc1 \~o"f'Tell (~) conclud~d that" 

equil"i.briLlm was not obt:d:ned in the cell with th8 II? ;n.:!1 orifice in ('rrier to Drovide an exr)lanatioT1 for the low 

observed. EglliJ ibri.um studies involvinr; Cr'23CS (-:.) by Hanc0ck and piageon (.~), !Uekseev and Slwartsmdl"1 (.§), and Bolgar 

et al. (21 .3.re not considered (l). 

Heat Cduaci ty and ;:nt"t'r)DY 

The heat" c.apacity (55-:-:95- K, 29 ·ut:;.) dnd erl'thAlny (1167-1597 K, 2G nts..) ha\f(~ c'2en meac;u"!"'ed by Kellev et 011 (])_ When the 

research was pe:rfo!'med, .i(elJt'y r~t cll. (.;!) considered the s-:lm~'le to be crlle. All the data 2re corrected to the cOII!Dosi"ti<:ln Cr]3CS' 

dssuming that the ~;aDlple actually contaL"led e'X(;ess Cr. Th~ conrribution of the ci:isu~ed. fre~ Cr W::IS subtra.cted from the ·t:'E~?orted 

heat capa.city and en"thaloy values using JANAr data for Cr (_"f). These cOTTections am:nmt to 0.6 gibbs/mol at 'i5 K and 5.0 gibbs/mol 

a, 295 K for the heat cal"Jaci"ty data and are in a range of 1.011-1.85 kcal/mol for the enthaloy data. we adopt S~O :: 4.851 gibbs/mol 

a:1C }{~~-H;: = 181.6 c<11/mol. The enthalpy data are tit tv a six term polyn·:)frti-'ll wlth a cons"t!'ail:t to ~oin. smoothly in the 29S K 

region "thp ~n"':halpy derived from the heat cd1)-3.city data. There is consideT'3.ble scat.ter in thE". enthalpy data. Devi.:ttions of 

the obse1:"Jed data from the tabulated data are within :!:i").e.i;; exceo"t ror the 1<.86.5 K point wh:'-:h is ap"!Jro)("il1lli.tt~ly 1% 

(:'00 cal/mol) too high. The en-::-hal()j polynomi.al is 'Used to 2xtr,1')olat"e the results to 2000 K. 

Phase D,,!!'_<! 

StorIDs (~) has summarized the ?hclSe inform-Clt:ion in the Cr-C system and revorted that Cr 2S CS has a com:;lex fa.ce-centered-cubic 

st:ructllrE~, The range of hO[ltog"n.eity for' Cr'23C6 i.s unknown (~). 

D(!composition Data 

The tentative phase diagrHr'l. of the Cr-Cr
J

C
2 

system proDosed by Storms (.§.) indic;31:ed th'"-"t Cr23Ce. has ciln incony,rUerlt m~lting 

:)oint "It 1793 K • 
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!-
"'CI 
::r 
'< 
!!' 
n 
::r Calcium Monoiodide (Cal) <!) 

~ 

'" ( Idea! Gas) GF\~ = 166.9845 
~ 
c 
CI ~---gibbs/mol---_ 

p T, "K CpO S" -(G"-W233)fT H"-H~21>S 

< .OOJ ~JOO rNF rN! l'E - 28392 
r .171 53~2'B 70.IBI - 1.67'+ 

!?- 1.534 58.970 63.222 • B~O 
3.158 62.426 62.<+26 .000 

!" 
>00 ,1.761 6 2 .~. a 1 62. 1.21 .016 

Z d.654 65.015 62.771 .a98 

~ ;1,902 66 .~q7 63.'.26 1.786 

bOO tI.932 68.&23 6' •• 160 2.671 
700 d.9:'3 70.001 64 .d99 3.572 

-0 800 d.9IO 71 ~ ISlB 6'.;>.613 4.468 

'.j qDO 03.'>'83 72.2';>5 66.29, 5.365 -
.." 1000 0.99:' 73.202 66.'H8 6.264 -

9.005 74.060 6 T .541 7.164 
~.O15 74.8'.4 68.121 8.06'> -
9.0?4 75.566 66.668 8.967 -
9.033 76.235 6'1.18'.> 9.670 -
9.042 76.!J58 69.676 10.174 -

1600 'l.J51 77.'.42 70.143 11.679 -
1700 9.lJoO 7'.991 70.5iN 12.584 
1 BOO <1.069 78.509 71.015 13.491 -
1900 "1.019 79.0~O 71.422 l4.398 -
"lOJO 9.091 79.4bb H.BI3 15.307 -

2100 9.104 79.910 72.180 16.Z16 -
2200 9.119 80.334 72.548 17.127 -
noD '1.136 80.739 72.d9b 18.040 -
2400 9.1<;6 8l·129 13.231 18.955 -
2<;OC ~.lN 81.503 73.554 19.872 -

2600 J.205 8t .86) 13 .861 20.791 -
2700 9.?35 82·211 74 ~ 170 21.113 -
2800 9.268 82.54t) 74.463 22.638 -
2~;)O 9.306 82.b74 74.747 23.566 -
3000 9.347 83.190 75.023 24.499 -

3100 9.3on 6).491 75.292 25.436 -
3200 .;.440 83.796 75.553 26.317 -
3300 9.493 84.087 75.dOT 21.324 
3400 9.549 84.311 76 4 055 2.8.276 -
3500 9.60'1 84.649 76.296 29.234 -

3600 9.673 84.921 76.532 30.198 -
3700 9.739 tl5.18-' 76.763 31.169 -
3800 .9,808 8:'~44 -, 76w988 J2e 146 -
3900 7.880 85.703 71e208 B.13l -
4000 C}.'J55 85.954 rt.423 34.122 -
'dOO 10.031 86.201 77.635 35.122 -
4200 10.110 86~444 77 .d4l 36.129 -
4300 IJ.lt!9 t:I6.682 7S.04-'1 37.144 -
4400 10.270 S6.ql? 18 ~ 243 38.167 -
4500 D.352 81.149 18.439 39.l96 

't600 10.435 Sl.3HI 78.630 '.0.237 -
... 700 8 ,.61.lJ 7e.i.1l9 '.1.285 -
't8DO 8101:125 79.004 42.340 -
4900 10 .6~3 58.045 79.187 43.405 -
'.:>000 10.7&5 58.261 19.366 44.477 -

5100 10.1;146 88.4 r'i 79.542 45.558 -
5200 10.',I2r 88.681 79. no t.b.o4b -
5300 11.006 aa~a96 n.881 47.743 -
5400 t 1.OUt. age 102 80.056 43.847 -
5500 t 1. 160 89.306 80.222 49.959 -

~600 11.235 69.508 80.386 51.079 -
~700 11. 307 89.707 80.5 1+8 52.206 -
5800 11.378 89.905 80.708 53.341 -
5900 11.447 90. t 00 eO.865 54.482 -
6000 11.513 90.293 al.02l 55.630 -

June 30, 1911J. 

Cal 

kcal/mol 

liHf' /leI" Log Kp 
.650 .650 INF I NI TE 
.530 4e 749 10.379 
.838 8.858 9.680 

1.206 - 12.719 9.323 

1.213 - 12.79! '11.318 
3.555 - 16.:'20 9.026 
9.0fS 19.231 8.406 

9.282 - 21.243 7.738 
9.491 - 23.221 7.250 

10.038 - 25.138 6~ 867 
10.444 - 21.002 6.551 
10.903 28.81 f 6.298 

11.414 30.5e5 6.077 
13.100 - 32.151 5~8S6 

1' •• 032 - 33e67Z 5~661 

14.30') - 35.173 5.491 
14.5J8 - 36.655 5.341 

14.851 - 38.117 5.206 
1').123 - 39.563 5.086 
5,".2.69 - 40~ 3L l 4.894 
52.340 - 39.6tt5 4.560 
52.392 - 38.976 4.259 

52.444 - 38 ~ 304 3.986 
52.499 31.629 1.738 
52.556 - 36.9'.:>2 3.511 
52.6lf 36 ~ 21.2 3e303 
52.682 - 35.590 3.111 

52.753 - 34.905 2~ 934 
52.831 - 34.211 2.710 
52~416 - 33.525 2.617 
53.010 - 32.831 2.474 
530117 - 32.134 24341 

53.235 - 3le432 2.216 
5).368 - 30~ 721 2.099 
53.51-, - 30.0)7 1.988 
53.682 - 2'11.303 1.884 
53.867 - 28.562 1.135 

54.071 - 27.857 1.691 
~4.297 - 27.127 1.602 
54.546 - 26 .. 389 l~ 516 
5 ..... 820 - 25~6lt4 1.437 
5 5~ 116 - 24.894 1 ~ .lbO 

55.438 - 24 .. 132 1.286 
55.18b - 23.364 1.216 
56.161 - 22 .. 590 1.146 
56.560 - 21 ~804 1 .. 063 
56.987 21 e009 1.020 

57.436 - 20.204- .960 
57.915 - 19.391 .902 
58.417 - 18.565 .845 
58.942 - 17.72<1 .791 
59.490 - 16.882 .736 

60.060 - 16.025 .687 
60.652 - 15.157 ~637 

61.262 - 14.275 ~ 5139 
61.890 - 13~ 3BZ .542 
62.536 - 12.419 .496 

6·3.196 - 1 t. 565 .451 
63.870 - lOeb35 .408 
64.558 q~ 695 .365 
65.255 B.744 .324 
65.963 75119 .263 

CALCIUM MONOIODIDE (Cal) (IDEAL G.'\S) GFW = 165.9845 Cal 
Ground State Configuration (21.+} 

S2SB.15 = 62.43 ! 0.05 gibbs/l!'.ol 

ilHfO'::: _0.65 :t 20 kCdl/mol 

l.IIif29S.1S = -1.21 '! 20 kcallTItol 

Heat of Formation 

Elect:ronic Levels and Quantum Weights 

State 

x (2r+] 

A [2IT) 

B [ 2r -t J 

c [2IT] 

D (2 Z+ 1 

Cil ::: 238.3 cm- 1 
e 1 

Be': (0.0667] cm-

-1 
ti' cm 

15585.1 
15645.9 

15711. 2 

23314.0 
23741.9 

31062.0 

<..) x. = 0.61 cm-J. 
• e 1 

a
e 

:. [0.OQ023] cm-

gi 

re ': (2 .8S J A 

The adopted lIHfO ::: -0.65 ~ 20 kca1/mol is calculated from the DO ::: 3 ~ 1 eV(69 ~ 23 kcal/mol) selected by Gaydon (V. 
A linear Birge-Sponer €xtrapoldtion of (.)e and wexe data (.V with a correction for the ion:'c character of the molecule as 

described by Hildenbrand (~) gave DO ::: 66.5 kca1/mol. Other DO values are 63.9 kca1/mol (~) as a lower bound from a con

sideration of ionic bonding forces and SIJ kca1frol (~) der-ived as a lower bound f:rom a consideration of energy conservation 

and measured reaction thre"hold relative ki.netic ene~gy from crossed molecular beam experiments. Of the four ratios, DaCCaI)! 

DoCCaI
Z
)' DaCCdI) ::: 69 kcal/mo1 gives O.11lJ.5 which is closest to 0.45 found for a serles of mono- and difluorides (.£) and fo!' 

other alkaline earth halide systems <.~). 6Hf298 ::: -1.21 :!: 20 kcallmol is c.alc:ulated fran. the adopted aHf~ '::: -0.65 :!: 20 

kcal/mol. 

Heat Capacity dnd Entropy 

The grouz,d stdte vibrationdl const:<llts .are from the compilation of Rosen (~). The value of r'e :: 2.8S A is assumed the 

san~ as the bond dista.l')ce in CaI
2 

<.~). Be is calcul.:ucd from the adopted reo C-l
e 

is calculated assuming a Morse potential 

fUnction, 

The electronic levels and their probable designation are those given by Rosen c.v. 
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Calcium [) i i ad ide (Ca i 2) 

(Crysta I) GFI,/ - 293.8890 

-- gibbsJmol.---- kcaJ/nlOJ--

T, "K Cp~ S" -(G~-W%9IO)rr H"-HOne ai-I(" 

.JUu .000 ! NFI!~! T l:' 4.2-/4 118.06'.1 
100 l' •• 7::lD 16.219 '5 O~1120 3. t.(I'O - 12 tl ~ 158 

200 .7.S2) 27.517 36~ 391 1.775 - lB.233 
290 1.:3.441 34.724 34.124 .000 - 12d~ 300 

300 ld.t..SO )4.839 )«.r25 .034 - 128.302 
400 40~ 2 11 35.4'54 1.':103 - 132.242 
500 44.48':> 36. d47 3.619 - 142.495 

60U H.b7'] 4!l.O6) ]8.(.2e, 5.782 - 142.080 

10C ?J.34C 51.1()2 4(;. J29 7.793 141.621 
!:lUO .'J.810 5).90e 41.595 9.850 - 141.458 
900 ?l • .: B ~ ;'6.3'H 43.103 11. 955 - 141.104 

100e 21.7'jO 58.653 44.547 14.106 - 140. 76~ 
------ ------------------------------------

13UO 170 64.536 48.503 20.845 - 141.224 

1 .. 00 06.212 49.711 23.186 - 140.) 15 

1500 24 ~ 1 Lv bl.9Z0 50.HI 25. ,73 - 13<;~ 761 

June 30, 1971~ 

Cal 2 

.:lGf" 
- 12f:!~Ob .. 
- 127.9'.1 279.614 

127.693 l39.537 
- 1 Z-r. (<16 93.398 

- 127 .41l 92.818 
- 12b.9b~ 69.310 
- 124.676 :'4.496 

- 121.152 44.130 
- ! I r. 700 36~ -,It 7 
- 114.286 31.221 
- 110.911 26~913 

- i01~<;,n 23.5)0 

- 104.27l 20.117 
- 100.1'14b 
- 97.452 
- 94.111 14,6'111 
- 90~824 13.233 

CALCIUM DIIODIDE (Cal;]) (CRYSTAL) GFW ;: 293.8390 CaI2 

S2!.l8.15 = 31,.72 :!: 0.05 gibbs/rr:-ol 

Tm = 1052 ::: 2 

keal/mol 

-128.3 .!: 0.5 kcal/rnol 

.:!: 0.20 kCdl/rnol 

llHs;98.15 66.6 kC<11/mol 

Heat of Forma'tion 

Ehrlich, Peik, dnd Koch (.1,) derived 

and CaI
2

(c) in 0.1 11 HI. An auxiliary HI 

c) = -118.1 r 0.4 kcal/mol fr-om heat of solution measurement's of Ca(c) 

value, -13.22 kca.l/mol, i.:alculd"led from clata in reference (1) was 

used in t:he derivation. This duxilidrY vi:tlue will be changed by ineof'poration of the accepted CODATA value of llHfi9S(1- aq, 

std. state) = -13.60 kcallmol (1) in tne 6Hf 29S (HI, aq solution) table, so that the above derived heat of fo!'m<tt:ion of 

CaI 2 (c) will be appr.o::dm:~ely -128.6 kCdl/mol. 

Cornbining .".Hf;9a(Ca ~, dq, st.d. state} = -129.·74 kcal/mol, selected by Paf'keX' (~, ~), wit:r. the CODATA value for r-(aq, 

std. state) (_~) gives llHf;9S(CaI
2

, aq, std. state) :: -156.9~. rurther combination with the heat of solution, -2B.62 kcal/mol 

(§. Q) gi\l(~s M-lf 298 (CaI
2

, c) = -128.32 keal/mol. This heat of solution value wa" based on 5everal sets of data, one of which 

that of Ehrlich, et ClI. (1, Q). 

We adopt -128.3 ~ 0.5 kcallrr:01 because of the correlation of 6Hfi98(Ca"'2, aq, st.d. BtatE!) with the evaluation of data 

for several calcium compounds (~). 

Heat CdPi:lC" l::y and Entropy 

Pauxov, Khl'iplovich, and KOl:'otldkh (2) have measuf'ed Cp~(13.10 - 309.18 K). Our r3 extrapolation i:;:; in agreement with 

their values of SiJ = 0.516 gibbs/mol and Hi3 - He. :: 4.9'? cal/mol. The low temperature heat capdcity joins smoot.'1.ly with a 

linear extrapolation from Cp~ :: l~. 31 gibbs!m.ol at 270 K to Cpe :::: 22.0 Bibbs/mol at the adopted Tm = 1052 K. The lineaf'ly 

extrapolated heat capacity at 300 K is only 0.3% higher than the Paukov et <11. (2) Vd]ue dnd 5 298 = 34.72 gibbs/mol in agree

ment with Paukov €It a1. (_~). Ir.-Jodcin and Bredig <.§) determined the heat capacity of the crystal tc be 23.2 gibbs/mol!: 5\ 

near the melting point. By using the lower limi.'t, Cpo;: 2?0 gibbs/mol, of iY .. JOrr.in and Bredig's v,iluc (.§.), lIi052 - Hi98 is 

brou,.:;ht down to 15.21.; kcal/mol, about 0.7% higher than :Cworkin and Br-edig's drop cillorimeter measurement of 15.11: 0.2% 

kcal/rnol <.~). 

Mel ting Dati! 

Dworkin ana Bredig (~) measured "'HmO = 10.00 kC~11/mol .!: 2t at Tm :: 1052 K (Sm :: 9.5 gibbs/mol) by drop calorimetry. 

Emons and Loeffelholz (i) detenninec !)Hm O = 6.65 kcallmol ! 50, and Tm = 1053 K (Sm -:: 6.3 gibbs/mol) by high ternp<!I'dt.ure 

cryoscopy. The t.wo pa.ir of investigil.tor-s ;;If'€ in much better <3-ereernent: with other salts (~). An entropy of melting criterid 

for' choosLng one of these values is not conclusive because the entropies of rmdtinp; of CdT 2 , and which have 

similar layer crystal struc"tul."e r"ng"~ from 7.51:09.5 gibbs/mol (lQ). Hutchison (]J) found Tm = K, thdt only 

appf'oxirnate melting pojnts wel"'€ obtained. 

Because drop calorimetry is a mo!'1:. direct measure of the heat of mel tins, we <tdopt: llHm" = 10.00 ! 0.20 kcal/mol at Tm = 

1052 :!: :2 K. 

Alt:hour,h uncon£i:rrr!€c by direct experirnentill evidence, the discrepancy in heat of melting and the adjustments required in 

joining low temperatu~ and hi&>~ temperat'J.re heat cap ... citie'J m:igh't be eXplained by the existence of 1:1 solid st.dte transition 

in CaI 2 similar to the transitions in BaC1 2 , SrBr?, or S1'C1 2 (§). 

Heat of Sublimation 

ilHs 298 is deriVed as the difference between the heats of formation or the ideal gas a.nd liquid states. 

References 

1. P. Ehrlich, K. "Peik, and E, Koch, Z. Anorg. Allgem. Chem. 32", 113 (1963). 

2. U.S. Natl. Bur. Std. C:i:cc. 500,1952. 

3. ICSU-CODATA Task Croup, J. Chern. Thermodynamics'::, 331 (1972). 

V. B. Parker, private commu.,.ication, u.s. r;atl. Bur. S'td., J;m. (l969)-. 

S. U,S. Natl. Bur. Std. Tech Note 270-6, 1971 • 

6. V. B. Parker, private communication, u.s. N'ati. Bm'. St:d., l';uy 1974. 

"I. 1. E. Paukov, 1. M. Khriplovich, dnd A. M. KOr"otkikh, Russ. J. Phys. Chern. ~, ~29 (1959). 

8. A. S. Dwof'kin and 11. A. tired'LB, J. Phys. Chern. 21,597 (1963). 

9. H. H. Emons and B. Loeffelholz, Wiss. Z. Hochsch. Chem. Leuna-Merseburg §.. 261 (1954) • 

10. D. Kubaschewski, E. L1, Evans, and C. B. Alcock, "Metallurigical 111errnochernistry," Fourth Ed .• Pergamon Press, 

New York, 195"1. 

11. J. F. Hutchison, U.S. At. Energy Comm. 1S-T-50, 1965. 

CaJ 2 

..... 
l> 
Z 
l> 
." 

-t 
::I: 
m 
:II1I:I 

~ 
n 
::I: 
m 
3: 
n 
l> 
0-

......j 

l> 
I::JI .... m 
III 

-0 

""" U'I 

III 
c: 
-a 
-a 
0-m 
3: 
m 
z: 
......j 

(J'I 
co 



.... 

... 
::r 
'< 
!" 
n 
::r 

'" ~ 
'" ~ 
o 
Q 

? 
< 
~ 

• .f> 

Z 
~ 

-0 
'-I 

'" 

Calcium Oi iodide (CaI
2

) Cal 2 
(Liquid) GFW = 293.8890 

g.ibbs/mol---~ ____ kC'.J.I/mol 

T."K CpO " -(GO-WD>I)!f J-r'-H"H$ "HI' ,;GF log Kp 

298 tS •. 4/+\ 42~ 768 42.160 ~ OGO - 1 i9.543 - 121.058 88.738 

300 15. 1.50 4Z.8tl2 42.768 .034 - 119.545 - 121~O67 68.197 
1d.920 48.255 43.498 1.903 - l23.486 - 121.426 66.344 
19.400 52.529 44.<J91 3.819 - 133.739 - 119.942 52.427 

bOO 19.8 fO S6e lor 46.470 5.782 - 133.323 - 111.222 42.698 

100 2':".700 54.2:15 48.J13 7.793 - 132.865 - 114.574 )5.772 

800 7.'..700 67.50/, 49 • .;)75 ! 0.263 - I ~?.2B9 - 111.993 30.595 
90e 24.700 6S.413 51.26'3 12.733 - 131.575 - 109.500 26.590 

1000 24. -rOJ 66.015 52.BIZ IS.203 - 130.915 - 107.083 23.403 
------------------------- ---------------------------------------------

1 tOO 70.370 54.303 17.673 - 130.310 - l04~ 730 20.808 
12JO 12.')19 5'5.133 20.143 - 131.':>,41 - 10Z.2l7 18.627 

1300 74.70eJ 14 .... 96 57.101 22.613 - 130~700 99.872 16.190 

1400 2' •• 700 16~326 5tl.'dO 25.083 - 129.862 - 97.532 15.225 
1500 24. rOJ 78.030 5<;0.662 27.553 - 129.02!> - 95.254 13.8 Ttl 

1600 79.6;>4 60.d60 30.023 lZu.18'i1 - 93.028 12.101 

1100 24. 81.122 62.J08 32.493 - 127 .355 - '10.8:'6 i 1.680 

laaa 100 82.534 63.110 34.9.';,3 - 163.416 - 88.0';)2 10.691 
1900 83.t!6':1 64.168 31.433 - 16Z.364 - 83.89 .. 9.650 

zooo ;>".70G 85.136 65.185 39.903 - 161.3[1. - 79.193 8.719 -- - ---------- --- -- -- -- --------------- -- ------ ------------- -- --- _. -- ----------- - - ----
2100 24.700 86.341 66.164 42.373 - 160.267 -'5.142 1.883 

2.4.7J0 87.490 67.107 44.843 159.':'24 - 11 ~ 742 7.127 
::'4.10J al.!. ,S8 68.017 47.313 - 1'58.l8-6 - 67.788 6.441 
24.100 d9.&39 bS.iN6 49.783 - 157. 154 - 63~8-r9 5.8l7 
24.700 40.648 69.7 t07 52 ~ 2:,} - 1?o.129 - 60.015 5.246 

June 30, 1971.: 

CALClUM DIIODIDE (CaI 2 ) 

S298.15 ::: 1:2.769 gibbs/mol 

Tm ::: 10!>2 :!" ? K 

Tb ::: 2028 K 

Hea'L_of FO~~§I:!A.?n 

(LIQUID) GFW = 293. a990 CaI 2 
6Hf;98 .15 :::; -119."544 kcal/mol 

lIHm" 10.00! 0.20 kC-!ll/mol 

u.Hv" = "'''.88 kcal/mol 

~Ef?98(Car2' e) ::: -11~.544 kcal/moJ. is obtained fro,,!,. the sum of the ho::!at: ()f .Ionnation of the crystal, the heat of melting, 

and the enthalpy difference of the crystal and the liquid between the melting point and 298.15 K. 

B~.:;t_1;: __ G~.k'aci ty d;:d En trcoy 

The liquid heat capacity near the melting point, 24." gi.bbs/n:ol, WdS derive.d by rY..lorkin and 3redif, U) from drop calori-

metric measurements. This value is adopted and is assumed cansta.."1t from 700 to 2500 K. A glass transition is assurned at 

700 K beloW' which the he<J.t capaci'ty is that of the crystal. 

S298(CaI
2

, t) '" 42.788 gibbs/ruo] i::; calculated fror.i the (:rystal en'tropy in a manncr similar' to the heat of formation 

calcula"tion. 

Va,-'orization Data 

The tempera'ture a.t which .:lGr o ::: 0 for the reaction CaX
2

(Z) ::: CaI
2

(g) is 2023 K, the adopted Th. Peterson and Hu.tchison 

(,?) have eX'tPapolated Knudsen effu.s l.on cell meaS'.lrel"Jents in the 1076 - 1294 K range to obtain a normal boiling point of 

1831 K. 

ilHv" -= ~2. 88 kcal/mol is the calcul;;ted difference beUleen the heets of formation of the ideal gas a.."1d the liquid at Tb. 

See Ca.I 2 {g} table for details. 
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Calcium Diiodide (CaI
2

l 

( ; dea I Gas) GFW = 293.8890 

·-----Wbbs/mol---_ knllJmol ------_ 

T, "I( CpO 1>' -lGQ-W~),rr Ir-H~:l:$:Il 6& ~G" 
0 .JvC • 000 (NF I NtTE - 3. 827 61 ~ 002 - 61.002 

100 U.::;16 03.1'14 90.822 - 2. tb) - 60.901 - 65.361 
zoc 72.551 n.579 - 1.406 - 61 G164 69.13! 
L')iJ ftJ,.26) 78.263 .OOJ ot.l00 - D.H7 

~oo 1' •• 497 70.353 7~. 2610 .027 - 61.709 - 13.872 
400 14.665 82.550 78.83S 1.486 - cb.vS9 - 77.711 
'joe 14.748 tiS. tl12 7<1.'H8 2.957 76.757 - 79.612 

ouG 14.794 88.':;>25 81.135 ['.434 - 76.82B - 80.i77 
100 1I •• 323 90.808 d2.358 ".915 - 70.899 - 60.730 
SOll 92.78'1 fn.')41 7.399 - J7.309 - 81.242 
9OC 94.'.>36 34.667 tl.S84 - 7".580 - al.7!O 

1000 1.;.. db4 90.103 85.734 10.369 - 77.905 82.101 

:' •• 871 97.'520 dt..742 11.856 78.283 - 31.569 
14.876 ge.:H5 fl.? ~695 13.)44 - 80.496 - 62.788 
; ... 3-30 100. ')05 8S~597 14.831 8u.tdB - 82.913 
!1,.883 101.1013 tF/ e 451 16.320 - 130.781 - 83.147 

1,ou h.8tlS 102.135 90.2.63 17.808 - 80.926 - 83.312 

1600 14.d.:l1:l 'H.036 19.297 61.071 - 63.':"65 
1' •• tl90 91.712 20.766 - 81.2113 - 53.6IC 
14-.d9 L 104. ~50 92.4/5 22.275 118.260 - 83.066 
14.893 L05. f,~5 93. !lt6 z"J. J64 - 1 ~ Ii -109 - 81.113 
If •• d94 106.419 93.792 25.2:;'3 - i 18.120 - 79.165 

-- ----------- ------------------------ --------------- -------------
2100 Lt., :39-, 107.1 .... 6 '14.'_11 2&.743 - 11 B .053 - 77.218 
2200 14. dSl') 107.B3H 95.006 28.232 - 117.991 - 7')~215 

1t..390 1<lB.501 9'54511$ 29.122 - 117.'H3 - 73.314 
14.,,;97 109.135 96.130 31.21l ill.Btl? - 11.396 
J4.R':iT 109. r!d 96.662 32.101 it 7 .037 - 1>9.461 

2000 1'>.898 110e '}z-i 97.177 34.191 - 117.dOl - D 7~ 526 
14.tI..,8 110 • .:109 97.&74 35.681 - 117.176 65 .. 594 
Ut.:!99 Ill.!,]1 98.156 37 .170 - 11. 7. 76) - 63e660 
1' •• 899 111.954 91L 623 38.060 - lIf.162 61.721 
14. d99 t 12.!.';9 99.076 40.150 - ULna - '>9~ 797 

HOD 14.9uO i12.94 ~ 99.'::>1') 41. &40 - il7.811 - 57 ~oo2 
3200 14.';lOD 113.421 <;.9.942 43.130 - U 7.863 - '55.928 
HOO 14.900 11 j..~19 100.358 44.620 - 111.938 - 53.991 
3400 14.900 114 • .:124 100.762 46.11 0 - 118.035 - 52.0,)3 
3500 11,.900 1I4.756 101.150 47.600 - II a .l~ 1 - 50. lOS 

3600 14.901 1IS.IH: lUI.5H 49.090 - 118.307 - 1.8.163 
3 fOO 14. <:lOt l15.584 101.913 50.580 - 118.41:15 - 46.213 
3800 14.901 115. ~tll 102. ?:1e. 52.070 - 118.69l - l t 4.257 
39(JQ ! 16. 361:1 1J2.:'>3') 53.'::>60 - 118.934 - 42.2910 
4000 11&~ 7!.6 lO2.'HB 5~. 051 - 11 q~205 - 40.329 

41UO 1".901 111.11 /• 103 9 323 ')6.'541 - 119.'510 - 38.>49 
4200 14.9CI l. I 7 .td 3 t O)~656 58.031 - tl9.850 - 36.365 
431)0 14 .902 117.823 103.901 59.521 120.225 - 340377 

." 
',"00 14.9J2 118.166 1 O(.~ 300 61.011 - 120.634 - 32,315 

:r '.500 14.902 118. ,01 104.611 62.'.I0t - 121.079 - 30.363 

"< 
4bOO \4.902 lld.3Z8 104.'H7 63.992 - 1"'1.~56 - 2'8.341 !!' 
4700 14.902 119.14~ 105.216 65.482 - 122.068 - 26.311 n 4tsOO 14. '102 tl9.462 105.510 66.'H2 - 172.615 - 24.261 :r 4900 14.')02 119.770 105.7ge 68.462 - 123.194 - 22.211 

¢ 
5000 14.902 12Q.Q71 IOb.JeO 69.95<' - 12J.B05 - 20.144 

3 
5100 14.902 l20.366 100.357 7L443 - 124.445 - 18.06b ... 520" 1".902 120.655 106.630 72.933 - 125.117 - 15.91'5 

~ 5300 lJ •• 90Z 120.9'19 lO6.d91 14.423 - 1<:'~.816 - 13.Bb~ 
5400 l'~~ 902 121.21B 107.160 75.913 126.".>42 11.747 

0 5500 1". ~O2 12L.491 107 ~l.lS n.403 - 127.293 9.617 
Il 
Q ;600 14.9D2 121. 7bO 107.on 76.894- - 12b.O(,7 7.413 

5-(00 14.90) 122.023 101.921 SO.334 - 128.863 5.310 

< 5800 1'+.903 122.283 loa.lbb 81.8/4 - 129.680 30135 

0 '5900 122.537 108.408 83~ 364 - 130.515 .'941 

:- bOOa 122.788 10S.64-') 84.55') - 131.367 1.25'8 

-~ 
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Ca1 2 

Log Kp 
lNi- IN! fE 
1(.2.890 
16.198 
54.095 

53.816 
42.'>63 
34.798 

29.204 
25.205 
22.i'H 
19.844 
17.956 

16.405 
IS.018 
13.949 
12. qeo 
12.139 

1 t.401 
10.749 
10.086 
9.330 
B.b5t 

8.036 
7.478 
6.968 

' •• 969 
4.652 
4.356 

4.0/9 
3.820 
3~ 576 
3~ 346 
3.129 

2.924 
2~ 730 
2 ~ 545 
Zo370 
2.203 

2.04'" 

1.608 
1~4n 

1.346 
1.223 
1.105 
.99l 
.B8l 

.774 

.671 

.572 

.475 

.382 

.292 

.204-
~ 118 
.035 

- .0:'6 

C .. \LCTU~j DlIODIDE (Call') (TDLAL GAS) GfW = 293.131390 

Point: Group :: D,ott ~ kCd1/mol 

Cal Z 
S298.15 " [H.26 !: 2.0] gibbs/mol 

Ground State. QiJi'lntt.::rn Weight::: [11 
-51,7 4 kcal/mol 

Heat" of Formation 

Vibrdc:ional frcCiuencies and D..-.generacies 

Bond Distance; Ca-I::: ?.88:!: 0.03 A 

R01.dt.iondl Constant: 8
0 

0.00801 c:m- 1 

cm- l 

[117] (1) 

(·1::'] (2) 

t 316) 0) 

Bond Angle: I-Ca-T = [;'80 0
] a'" 2 

Pet:erson and Hutchison (1, 1.) used a. weight: loss Knudsen t:ffugion c:echnique to observe vapor pressures of the liquid at 

16 'temperatuI"Es rarLging from 1076 K to 1294 K. Our second and 'third law analyses of these datd, after rej€'ct:ion of one point 

due "to failure of a statistical test, yield Ond Law} :: 50 63 2.04 keal/mol and LIHv
2SB 

(3rd Law) 57.84! 0.98 

kcal/mo1 with a drift of -1.6 ~ 1.7 gibbs/l"..ol. adopt IlHv29S :: 57.S :! 3 kc,,1/lllo1 dnd combine th<lt: wit:h the adopt.ed hea1: of 

formation of "the liquid t:o obtain .6Hf 29a (Cal
z

, g) ;:; -61.7 lj kcal/ll~:)l. 

Heat: Cal?aci tv .;;.nd Entropy 

The bond di,;tdnce, as deterfllin~d from an electron diffr'i:1ction study, is taken from Akishin ct al. <i) who also juagect 

that the bond angle was 130· ~ lO-20~. We l:ave aSSW!I~d a lineIJr' structure. 

To E;stimate the vibrational frequencies, the stretching force const:dIlts 

caJ.culat:ed from the vibra-r;-ional irequencies <,:.) using a valence force rn.odel. The trend in the ratio of 

(dihalide) indicates that k(CaI)/k l (CaL 2 ) " 1 il:; a reasonabl¢ apPl"''Oxirnation, an approxi.mdl.ioo which has been used by Brewer 

e't <:11. {~}. The st:re·cching force constar.t for CaI(g) is calculated from "the ground state vibrational frequency given by 

Rosen C.§.J. The bending force constdnt is assumed to be 0.01 tirnes the stre1:ching forCE: cor:st<lnt (..§.). The adopted vibra

tional frequencies are calculated from t:he estimated force const.:t.,ts. Othel' 8stimat:es for VI' \)2' and \)3 /.:ire 121, 77, 327 

(]) dnd 118, !J.5 • .:i2l (.§). 

We a.~sign an uDce!'tainty of !l' gibbsirnol to the ent:ropy t:o allow for error in bond angl.e and vibr',niofLal frequency 

es"timdte~. 
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Calcium Oxide (CaD) 

(Crystal) GFW 56.0794 

T, CK 

o 
100 
200 
29' 

300 
400 
soo 

bOO 
100 
800 
900 

LOOO 

IlOO 
1200 
1300 
1400 
1500 

1600 
1100 
1800 
1900 
2000 

210'.) 
2200 
2300 
2400 
2~OI) 

2600 
27(10 
2ROO 
2900 
1000 

~---gibbs/mol----

CpO 

.DOQ 
3~ 5l 7 
8.049 

lO~067 

lO~096 
11 ~ 144 
11.701' 

12.065 
12 0 32Z 
[('.524 
!2~ 694 
120843 

12.978 
11~ 10 S 
13.224 
13.3'39 
13 .. 450 

1.3.558 
l3.665 
13 .. 769 
n.S7) 
13.975 

14.076 

t4.316 
l4.475 

14.514 
14.672 
14.170 
14.868 
14 0 9b6 

S" -(GQ-HO:ws){f 

&000 INF rN rTE 
1~4e1 It..53l 
5.'507 9 .. 996 
9.133 9.l33 

9.19'5 
l2.261 
14.814 

It.~9e2 

18.862 
20.521 
22.006 
.2)~ 351 

24.581 
25.71b 
260.770 
27.754 
lS.b7a 

29.550 
30.315 
31.15.;;1 
31.906 
32.620 

33.305 
3J.962 
]4.594 
3').204 
35.191 

36.362 
36.911:0 
37.450 
31.910 
38.415 

9.133 
9.5",4 

lO~ 350 

11 • .219 
12c 231 
13.166 
14.067 
l4.929 

lS.7S1 
16.535 
17 .282 
17.996 
18.677 

19.)3::1 
19.955 
20.556 
21.134 
21.691 

22.22-" 
22.746 
23.248 
23.133 
24.204 

24 .. 661 
25.1")4 
25.536 
25.955 
U •• 364 

1-100 15.063 38.968 26.763 
3200 15.161 39.447 27.152 1300- - -- Ys-.-is e - - - -3 9: QLS-- ---2-7-.-532 

3400 15.355 40.312 27.903 
3500 15.452 40.819 26.265 

)*'>00 15.54q 41.256 28.620 

~----kcal!mol~---

HQ-HQ288 

- 1.613 
- 1.504 

.898 

.000 

.019 
1.087 
2.232 

3~421 

4~641 

5.684 
7.l45 
8 .. 422 

9.713 
11 .. 017 
12.334 
13 .. 662 
15.001 

16.352 
17.713 
19.085 
20.467 
21.859 

23.262 
24.674 
26.091 
27.530 
28.972 

30.425 
31.881 
33.359 
34.841 
36.331 

'HI" 

- 150~9q4 

1.51 .. 467 
- 151~750 
- l5L~ 790 

151 .. 790 
151.714-

- l51.581 

- 151 .. 420 
- 15l.242 
- 151.391 

151.389 
- 151.4)1 

151.517 
- 1'53 .. 429 
- 1'53.261 
- 153.085 
- 152 .. 901 

- 152.109 
- lS2~'j09 

189 .. 195 
- 18S.7I;0 
- 188 .. 317 

- 187.869 
187.417 

- 196.960 
- 186.501 

18b.041 

- la5~ 560 
- 185.122 
- 184.666 
- 184.215 
- 183 .. 772 

~GI" 

15Q.994 
- 149 .. 165 
- 146 .. 126 
- 144.2.47 

144.200 
- 141.680 
- 139.184 

- 136.720 
- 134 .. 284 
- 131.845 
- 129.402 
- 126.957 

- 124.SC7 
- 121.894 
- n9.2f3 
- 116.665 

114.070 

- ill.481 
- 108.917 
- 105.676 
- 101.050 
- 96.446 

- 91.863 
- 87.'Ot 
- 82.161 
- 78.240 
- 73.739 

69 .. 256 
60;..791 
60. "i42 

- 55.9C<i1 
- ')l.49, 

logKp 

INFrNl TE 
325 .. 999 
160.335 
105.136 

105.050 
71 0 410 
bOeB37 

49.800 
41 .. 925 
3b.018 
31.423 
27 .. 141 

2ite 737 
22.200 
20.052 
18.212 
16 .. 620 

15.228 
14 .. 002 
12.831 
11.623 
lO.53'} 

9 .. 560 
8.673 
7.864 
7 .. 125 
6.446 

5.871 
5.244 
4. HO 
4.213 
3.7Sl 

37.634 - 183.337 - 47.090 3.320 
?9.}~5 - 182.913 - 42.1C2 2.916 

- .. 0: 866- - -:..- -(lfr.-sol - --:. - - 38:-32-8-- -- ---2 ~ 538 
42 .. 391 182.105 - 33.965 2.18"3 
43.Q37 - 181~124 - 29.61'" l.849 

45~4a7 - 181 .. 361 - 25.272 1.534 

June 30, 1971; June 30, 1973 

CALCIUM OXIDE (CilO) ( CRYSTAL) GF" 0 56.0794 CaD 

S298.15 9.133!: 0.03 gibbs/mol 

Tnl :: 3200 !: 50 K 

tllif~ :: -150.99 :!: 0.21 kCc"ll/mol 

lJ1fi98.l5::: _151.79 :t 0.21 kcal/mol 

D..Em~ :: [19) kcal/mol 

Heat of foromation 

Huber and Holley (f) determined the heat of combustion of calcium metal in a bomb caloroiUlet:cr ..'lnd derived the heat of 

formation of ca.lcium oxide (c) a!;> -151.79 !: 0,21 kcal/mol which is adopted in the tabulat:ion. The adopted value is in good 

agreement with t:he va.lue, -151.9 kcal/rr.o1 (1) derived fro!!; sol.ution calorimetry. 

Heat Capacity and Entropy 

Gmelin (1) measured low temperatu'!'e Cp cat'" from It to 300 K in an adiabatic: c:a.lorime"ter. We. use his smoothed Cp values to 

d.erive 3
298 

:: 9.133 !: 0.03 eu b<lsed on S~ :: 0.0001 ~u a"t 4!<. l..d.nder (.::> det:ermined l"",igh terr.p!;!.ratur-e enthalpy da.ta from 553.6 

to 1176.4 K by drop calorimetry. The) ow t~mpeI'a ture Cp and high tempera "ture enthalpy Cd. td dre smoothly joined at 29 S K by d 

polynomia.l curve fitting method. The dcvia:tions of the observed em:ha.lpies from"'the adopted values a.re About 0.2-1\, except the 

enthalpy value a.t: 753 K (2.0%). He.a.t: capacities above 1200 K ;;I.re extrapolated frolll the adopted Cp functions. The ext:rapolat:ed 

Cp at: the melting point (2887 K), 1 11.S gibbs/mol, is in rtlasonable agreement: with the value 2 x 7.25 gibb9/g-atom suggested by 

Kubascl"".Bwski (2)' 
Combination of "t!1e earlier low temperdture Cp measurements of Nernst and Schwers (28-90 K) (§) .,.nd Parks and Kelley 

(B7_293 K) (!) yields S;98 :: 9.5 ! 0.2 eu, based on Sis:: 0.04 eu (.!!). These Cp measurements are less accurate "than those of 

Gmelin (~), and a::oe not" adopted in. t:he tabulation. 

fischer and Ert.Iller (~) det.ermined high temperature enthalpy data. by drop calorime"try in the temperature r",nge. ft·om 0" to 

17l6°C. The accuracy was claim€d "to be approxima.tely !:4~, We hilve not adopted their enthalpy da.ta in the tabulation since the 

hedt capdcities wtlich we derive from their data are always less than those of 1"".s0 (12) when 'the temperatuI'e is above 1000 K. The 

deviations between their enthalpy da.ta ar,d "the ddopted values ar~ approxirn.a"tely 1.S% at 693 K, 3.3% a't: 12B3 K and 5.3% at 19B9 K. 

Iiel t inK Da ta 

Schneider' (!].) adjusted earlier melting points (!1-l:2.> to IPTS-48, yielding values ranging from 2565° to 2630~C, Recent 

s'tudies by roox C1..§., )2). using :oolar energy to mel!: !:he center of a rotating crucible of oxide, gav!;!. vdlues higher by about 

3QOgC. Appar~ntly the ea.rlier values we~e depressed by formation of tungstates wit:h the tungsten supports of the sample. 

Unfortun<l.tely, roex repo!"'"ted "three values: 2910°C (If, 1965), 19S0~C (l§., 196a) and 2900°C (12, 1969). We adopt an in'termedidte 

value of 2927°C :: 3200 K and arbi"tr'<irily a:;sign an unceI't:ainty of 50 K. 

The heat of melting is assumed 'to be 19 kcal/mol which is calculated from 'the estimated llSm o ::: 6 eU a"t th€ melting point. 

The 1<l."t"ter is estimated to be the same as thdt of MgQ (lQl. 
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Calcium Oxide (CaO) 

(L i qu i d) GFW 56.0794 

- Ribbslmol-~ ----kca(!mol----~ 

T, ~K 

'08 

3C':' 
400 
500 

000 
700 
lion 

LlOO 
1200 
noo 
1400 
1500 

1600 
1700 
1800 
1900 
2:000 

2100 
22:00 
2300 
l400 
2';>01) 

Zf:,O') 

2700 
2800 
290() 
10C0 

3i0n 
32(;1 
3300--
v.ce 
3500 

30CO 
1700 
1800 
3QOO 
4000 

lo10,} 
4ZeO 
4300 
4 1.00 
4500 

CpO So -(G~-HQ2SS)rr H"-H"~8 ,HF fl.GI" 

10.06 r 14.89<;. 14.895 • 000 - lH.206 - in.3RI 

I C'.n96 
II.144 
11.707 

12.065 
12. J2? 
12.'524 
12.694 
12.841 

12.'HS 
n.I(,5 
13.224 
13.339 
\'1,45[, 

13.558 
13.665 
13.769 
lJ.813 
11.97'5 

14.076 
I "i.000 
15.000 
t5.JC0 
15.000 

15.00r 
15.000 
15.000 

1' •• 9')8 
18.0n 
20.576 

22.744 
24.624 
26.283 
21.768 
2'J.l i 1 

30.344 
H.47f1 

33. 
34.440 

35.312 

39.067 
39.76S 
4D.'!')1 
"I.OlC 
41.682 

42.270 
<'-2.316 

14.0<;15 
15.306 
16.112 

17.G41 
17.993 
18.926 

21.51 -' 

.23.753 
24.439 

25.09<' 

26. ('196 
27.4'5) 

27.990 
28.509 
29.01 '\ 
29.502 
2<).977 

10.439 
10.888 
'31.32:, 
31.749 
32.}63 

.op .. 
1.087 
2.232 

1~421 

4.641 
5. B84 
LI45 
8.422 

13.662 
15.001 

- 112.B36 
- 132. eSb 
- 132.801 
- Ill.805 
- 112.8'.7 

- 132.9B 
134.8"5 

- 134.12':> 
133.<125 

- nO.blZ 
2n.467 - 110.176 
21.859 - 169.734 

23.262' 
24.762 
26.262 
27.762 
29.262 

30.762 
32.262 
)3.76;> 
35.262 
36.767 

l67. L68 

166.66C 
- 166.164 

16'5.660 
- 165.211 
- 164.760 

15.0ro 44~9()9 iZ.566 38.262 - 164.326 
_J_S ___ O_OJL ___ '1.2 .. H? __ __ }_2_._q_5_9 ______ ~'1!!~L_ .::-_)_6}_._9_t~ __ 

:5.000 45.846 33.3"3 41.262 - 163_'5?3 
1'5.000 46.2'14 33.717 42.162 - 163.157 
t5.')00 46.729 3"'.083 44.262 - 162.8l6 

15.0CO 
1 '5.000 
15.000 
15.00C 
1':>.000 

is.cao 
15.ClOO 
1 '5.,)OC 
l5.0(lO 
15.000 

47.1.,? 
47.563 
47.963 
46. )'j2 
loU.732 

49.102 
49.464 
49.8\ 7 
50.162 
50.499 

34.44'') 
34.789 
35.111 
35.465 
35.792 

36.112 
J,<,.42'> 
36.733 
37.034 
37.329 

4~. 762 
4 r .262 
48.762 
50.262 
51.762 

'i-3 • .?b? 
54.1t..2 
56~ 262 
57. r62 
59.262 

- t62.503 
- 162.2l9 

161.965 
- 161~744 

- 16l05<;'5 

- 161.4CO 
- 161 .. 278 
- 161. 

June 30, 1971; June 30, 1973 

- 12,.482 

- 121.594 
- 119.734 
- UL811 
- L1b.OO'> 
- 114.136 

- tl? .261 
- t U". 22') 

108.180 
- 106.148 
- lC4.129 

102.123 
- 100.129 
- 91.466 

93.414 
- 89.386 

- B5.rr9 
- 81. ~~6 
- 77.438 

13.502 
- 69.')89 

65.696 
- 61.823 
- 51.967 
- 5' •• 127 

';>C.304 

- 35.151 
- JI.391 

27.640 
- 23.898 
- 20.162 

l6.436 
- 12.712 

8.992 
5.271 
I ~ S63 
2.148 -
:'.A59 -

Log Kp 

93.373 

92.771 
M .. 516 
53.974 

44.290 
37.383 
32.201 
28. no 
24.944 

<'2.304 
20.075 
18.187 
16 .. 570 
15.i72 

13.949 
12. An 
11.834 
10 .. 745 

tJ.768 

B.886 
8.066 
7.358 
6.693 
6.084 

5.522 
5.00"" 
4.524 
4.079 
3.66'5 

2.259 
1.960 

1.616 
i .412 
1.160 

.'92t 

.695 

• 4-('::; 

.107 

.285 

CALCIUM OXIDE (CaD) (UQUID) G:fW :: 56,0794 CaO 

5298.15 [14.895J gibbs/mol lIHf 298 ., [-133.206) kcal/mol 

'I'm .:: 3200 50 K ilHru
O 

(19 J kca1/mol 

Hea t of rOrlndt:.i.on 

Ill1f 298 (0 is calculated from 6Hfz9a(c) by ~dding 6,llm and t:he difference b!>:''tW'een H;200-H298 for crystal dnd liquid . 

r{~~_~ __ C;:~2acity and Entropy 

II. gld5S t:ransition is assumed at 2100 K. Heat cdpac::ities of t.he liquid below 2100 K are assumed to be t.he 

'those of the crystal. Above 2100 K t:ite heat capacity is assumed to be constant dt: 7.50 gibbs!{g-a:tom). 

The ent!'opy at 29B K is calculdt~d in a mdnnel:' analogou:; t:o that of the heat of i"ormdticn. 

Mel.ting Datd 

See CaO(e} table for detail:;. 

Decomposit ion 

CaO do~s no"t vaporize simply to CaG(g); extensive dissociation of C<10(g) 'to Ca(g) was found mass_spectrometrica.lly 

Refert:!llce 

T. Pelchowitch, Phillips Research Repts. ~, lj2 (1954). 
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Cobalt MO'Iochioride (CoCI) 
CICo 

( r dea I Gas) GFI'i 94.3862 

T, OK 

o 
lOO 
200 ,9. 
300 
400 
500 

.00 
700 
800 
900 

1000 

ilOO 
120t) 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2100 
2800 
2900· 
3000 

3100 
3200 
3300 
3400 
3500 

3600 
3100 
3800 
3900 
4000 

4300 
4400 
4500 

4600 
4700 
4BOO 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

:>600 
5700 
5800 
"900 
6000 

____ gibbs/mol ____ . 

Cpo S" -(Go-W~<I)rr 

• 000 
1.131 
1.Q42 
8.398 

8.404 
8.627 
6.747 

8.819 
8.866 
6.900 
s.ns 
8.945 

8.961 
8.97b 
B.989 
9.002 
9.015 

9.028 
9.043 
9.060 
9.078 
9.100 

9.124 
9.151 
'1.182 

9.301 
9.34'"1 
9.404 
9.464 
9.530 

9.6002 
9.680 
9.765 
9.851 
9.956 

10.Obl 
10.113 
10 .. 291 
10.416 
10 .. 546 

10.681 
lOeS21 
10~96S 
ll~ 113 
11 .. 263 

11.4l6 
1l~,)71 

11.126 
11 ~ as 1 
12 .. 035 

12.189 
12 .. )40 
12.4S8 
12.633 
12.774 

12.910 
13.041 
U.167 
13.287 
13.401 

.000 
50c(:2b 
5Sc424 
58 .. 692 

58."744 
61.195 
63.135 

64 .. 736 
66.100 
67.286 
690336 
69.271 

70.130 
70.'111 
71 .. 630 
72.296 
7Z ~91 B 

13e500 
74 .. 048 
74.565 
75.055 
75.522 

750966 
76.391 
16 ... 799 
17.190 
77.567 

77.931 
78.283 
78 .. 624 
78.955 
79.217 

79.'>91 
79.991 
80.196 
80.489 
aO.l1f:> 

81.058 
610335 
81.608 
Bl.877 
82 .. 142 

82 .. 404-
82.663 
eZ.91Q 
830113 
63 .. 425 

83.614 
83.921 
84.16-6 
84.410 
84 .. 651 

34 .. 891 
85 .. 129 
85.3&6 
65 .. 600 
85 .. 834 

86 .. 065 
8b .. ?95 
86.523 
86.749 
86.973 

[/\IF INI1E 
65.820 
59.441 
58.on 

';)8.692 
'59.024 
59.659 

60.376 
bl.099 
6l.799 
62.468 
~3.103 

63~ 704 
64.272 
64.811 
65.322 
65.808 

66~ 271 
66.712 
67.134 
67.538 
67.926 

68.298 
68.657 
69.002 
69.335 
69.657 

69.968 
70.269 
70.562 
70.846 
7l~ 121 

71.389 
11.650 
11 .. 905 
72.153 
720395 

72.632 
72.864 
73.090 
13.312 
73.529 

73.743 
73e952 
74.158 
74.360 
74 .. 558 

74.75t,. 
"14 0 946 
15.l36 
75.322 
75.507 

75.688 
75.868 
76.044 
76 .. 219 
16.39;;? 

76.563 
16.731 
76.89B 
77.063 
77.221 

Dec. 

··---keal/rmd----_ 

W-W~~1i ~Hr' t;Gi'" Log Kp 

- 2.258 
1.559 
.805 
.000 

.()l6 

.. 868 
1. nE 

2.616 
30501 
4.389 
5.l80 
6.114 

7.069 
7.966 
a.S64 
9.764 

10.665 

11 .. 567 
12.470 
13 .. 375 
14 c 282 
15 ~ 19l 

16" 102 
17»016 
17~ 933 
IBcB53 
19 c 1'76 

20 .. 70-4 
21.631 
22~ 514 
23.518 
24e461 

25.424 
26 .. 388 
27 .. 36C 
lB. 3ft 1 
29.332 

30.332 
31 .. 344 
32.361 
33 .. 403 
34 .. 451 

35e512 
36.581 
37 .. 616 
38 .. 180 
39 .. 8<19 

"1 .. 033 
42 .. 182 
43.341 
44 .. 521 
45.723 

46.9)4 
48.161 
49.402 
50 .. 658 
51.929 

53 .. 213 
54 .. 510 
55.821 
57.144 
58 .. 478 

31, 1973 

46.078 
46 .. 305 
46.239 
46.100 

46.097 
45 .. 921 
45e 710 

45.462 
45.181 
44.767 
44.414 
44.006 

43.536 
42.995 
42.346 
41.562 
41.018 

40.536 
~O&078 

35.732 
35.215 
34.699 

34.184 
33c071 
Hell!>O 
32.652 
32.145 

31.643 
31.143 
30.647 
30c 1~6 
29 .. 670 

29.189 
- 60 .. 404 
- 60.536 
- 60.659 

60.717 

- 60~6S1 

- 60 .. 989 
- 61.083 
- 61.169 
- 61 .. 247 

61.315 
- 61 .. 3H 
- 61.424 
- 61.464 
- 61.495 

- 61 .. '514 
- 61~ 524 
- 61 .. 525 
- 61 ~516 
- 61 c 496 

- 61.467 
- 61.429 
- 61.382 
- 61~328 

- 61~265 

- 61 .. 194 
61& 118 
61.034 

- 60.945 
- 60~S51 

4b.018 rNFINITE 
43.723 - 95.558 
41.154 - 44.971 
38.686 - 28.358 

38.640 -
36.180 -
33.769 -

31 .. 403 -
29.081 -
26.811 -
24.594 -
ZZ.4l3 -

20.276 
18. la5 -

6 .. 661 -
5.061 -
3.487 -

t .938 -
.. 415 -

1 .. 085 
2 .. 563 
4 .. 020 

5.456 
6 .. S74 
S ~ 21'2 
9.654 

- il.019 

- 12.3(::8 
- 12.Bb5 
- 11 ~"17a 

9~ aas 
8e392 

6.892 
5 .. 391 
3. aS8 
20381 

c 673 

~631 -
2.l49 -
3 .. 661 -
5 .. 111 -
be 690 -

8 .. 206 -
g e 723 -

llc238 -
12.755 -
14.269 -

15 .. 786 -
17.300 -
18 .. 813 -
20.325 -
210838 -

23.347 -
24.854 -
26 .. 3M -
27 .. 869 -
2C} .. 374 -

28.14') 
19.7bS 
14.760 

11.438 
9.079 
7.326 

4.026 

1 .. 409 
1.085 

.. 809 

.582 
0381 

.202 

.041 

.103 

.233 

.3~1 

.459 

.5S6 

.646 

.728 

.aOl 

.B72 
~879 

.754 

.635 

.524 

.418 

.. 318 

.224 

.133 

.. 048 

.034 

.112 

.16b 

.. 2S7 

.325 

.390 

.452 

.512 

.569 

.624 

.676 

.721 

.116 

.823 

.868 

.. 911 

.953 

.. 9Q3 
1.032 
1.010 

COBALT MONOCHLORIDE (CoCl) 

Ground State Configu:'ation ( 3.1: J 

5 29 &.15:- 58.7 "! 1.5 gibbs/mol 

(IDEAL GAS) orw ~ 0..3852 C i Co 
~ 3.0 kcal/mol 

= 46.1 ! 3.0 keel/mol 

We = 421. <' 

li~3t of_X9_£.!f\.SLtion 

-1 
';i' em 
--D·· 

[11000 ) 
17484.1 
198'26,3 

Bi 
[T] 
[31 
(3) 
[3] 

~ i ' 
ITa-eB.l 
199["5.3 
2096"9.·1 
Zl263.9 

"'eXt' :: O. 71J. crn-

gi 

rrr
[3J 
(3J 
[3J 

~ " 1 Be = (0.17434J cm- 1 

£i' em 

~ 
22402.7 
22966. '2 
[75000 ] 

"e 

"i 
~ 
[31 
[31 
[3.) 

[') ,OO()lJ.59 J cm- l re -= [2..09} A 

Kulka.rni and Dadape (j) have studied the ~actLQn of CQ':1
2

(g) ;.;ith CoCc) cy is "transpi:ration method. They used highly purified 

ar-gor; as the carrier gas and condensed the gaseous products on a mullite cold Finger. Cl'.emical and x-ray analyses of the 

conden:,ate sho\ol.;:d thtc presence of me:tallic cobalt. The transport of the Co metal was ascribed to th", disproDortiona"tion of CoCl(g) 

according "to the reactio'1 2 CoCl(g) = Co(c) + CoC1
2
(g). Partial pressures f01" CoCl(g) and CoC1

2
(g) were reported for the tempera.

ture range 1395·-1673 K. rio consideration was given to possible dimerization of the dichloride. ,JANAf Ud"ta {lJ for CoC1
2

(g) and 

are used to correct their pressures .tor dimerizi1tlon. The corrected jH'es::;ures ,<;re O.5~ less than thor;e of Kulka.rni 

ss a"t 1673 K. Hildenbrand (]) has a:"so st:J.died the disproportionat"ion reaction of 

CoC1(g) by lTIuSS spectrometry. The monochlo:ride was pX'oduced in the effusion cell· (.!:!.) by vaporizing AgCl in thd presence of 

metallic cobalt. The Ag+ and AgCl -I- sign.als .. ere also measured and used to derive equilibrium data for the ?T.'ocess Ag(~) --+ CoClCg) 

:: AgCl(g) .;. Co(g). A comp"trison of the results of a second and third 13.\01 analysis of these mass spe.ctral data with those obtained 

from the trar:spiration study of Kull(:arni and Dadape (1) is presented bel 0;'; , 

No, of Temp. D.Hr2'3a' keallmol Drift g)a D
298 

Investigator Reaction Points Range, :( 2nd Law 3rd Law kca1/mol 

Kulkarni dnd Dadap~ (1) 1395--1673 79:ti5.:tl.S 2B.6!2.0 101.9 
Hildenbrand C.~) 1451-160-5 14.l9:tO.53 46.5!!.'~b 83.9 
HildenbJ:,and C.~) 1461-1605 9:87tO.3S 45.6t:L5 81.1.9 

React:ions: (A) CoCl
2

(g) ... Co(c) ::: 2 CaC] (g) {B) .... CoCg) :: 2 CoCHg) (C) Ag(g) .... CoClCg) ::: AgClCgJ .... Co(g) 

a Third law valu.es. Auxiliary I1l:1f 298, data (all in CoC1
2

(g), -22.4 ~ 2.0; Co(g), 101.5 !: 0,5 (1)-
b 6.Hr 29S" (Third Law) combin-p.d with D29fr (AgCl, g) :: 75.0 t 0.5 keal/m01 (~). 
The two set::; 0f measurements of Hildenbrand (1) lead t:o consistent values for .'lHf o

, while the results of Kulkar'n.i and DCldape 

0) suggest a value r'Oughly 20 kcal/mol lower. In the same pdper', Kulkal'ni and Dada?e (1) repor"ted vapor pressures foI' CCC12(~) 

which were also detet'rnined by their flow technique. !.'1ese vapo"!' pressures have bee.n shown to be incompa.tible. wi-th JAN~f data (see 

CoCI 2 (g) ta.ble). Furthermore) their value for the bond dissociation energy (D 29fr =- 101.9 ·kcal/moU of CoCl app€'.ars "to be 1.00 

high by compa':"ison wi.th 3imilar datu for other transition ~tal monochlorides. Values (§) of DO for the monochlorides of Cr, Hn, 

Ni, and eu show d t'andom varia.tion of fr-om 83,0 to 88.6 kcal/mol, suggesting a value for CoCl near 85 kcal/mol. The results of 

Hildenbrand (]) are in dgreement with 't!'.ese predictions. It is fur-ther noted that !ii"::.denbrand (~) has used a similar techniqu'!:! "to 

stud:! "the mOllochlorides of Ca, Sr, dnd Ba. The results of these studiE's are quitE' consistent wi-.:h JANAf heat of fOl'm.a.tion data 

(1). Thus, it appears that the met"CJ.od us~d by Hildenbrand (1,~) is relidble, and we adopt ~n average value (t.Hfi98 = ~6.1 
kcal/mol) of his two results. The uncertainty is estimated to be t:3.0 kcal/mol. The ddopted values for the ground state 

vibrational constants are JUGged to be of insufficient aCCUI'acy to warrant a Birge-Sponer calcula'Cion for D';(Co-Cl). 

Hea.t Capacity and EntroDY 

The bond length is estimated as somewhat less than that for CoCI 2 C . .?). Be is calculil:ted from the value for 

ine!"'t:ia is 16,055 x .10- 39 .g cm"Z The value fot' is obtained from the other constants assuming a Morse 

Several band systems have been observed in electronic spectrum (~-2} of CoCl. Vibrdtional constants for the upper and 

lower states of the various systems have been !'\unur.arized by R03en (~). However, since it is not ceT't:air~ which of the observed 

eleo:tronic transitions involve the ground Bti:!.te, no assignments ;.;e:re made. Also, confusion exis!"s as to whe"::"her SOr:le of the 

systems b<!J.ong to triplet-tI"'iplet transi1::i~ns (2.-i'·, an electronic triplet (~J. cr whethe!' they are all separate systems (1)". We 

a.dopt the vibrational constants for the ground state sugge-sted by He:rzbe.rg (.1.9). Comparison of these values with those listed by 

Rosen (.?) for the lower states of other Clystems for CoCl indicate that t:he adopted we value l1ldy be uncer'tain by as much as tS cm-
1

. 

Krishnalflurty <'!P has shown that: the ground state electronic configuration for CoCl is either Sz or 3r . We pf'efer a triplet ground 

"tate, since the electronic configu:ration for Co +1 is 3r U.:1). Other transi ticn metal monoch10rides (i.) and tne corresponding 

unipositive metal ions <.U) have the saJ:le ground state multiplicities. If the gro~;,d state is a quintet, then the value of 3 29 8: 

is l.ncreclsed by 1 eu. The adopted electronic levels in the range 17,000-23,000 em ~ are taken fI'om tho::- compilation of Rosen C2.) 

Each level is assumed to be a separa-.:e system and i::; assigned a quantum weight of 3. Two triplet levels are also included at 

11 ,000 <l[Jd 25,000 em-I, :;ince Rao and Rao (~). are believed to have obser'ved two components of a triplet-triplet transition near 

l~.OOO em-I. By analogy with sir."d.lar data for other transition metal monochlorides (.§.), the lO'NtH' triplet level is not expected to 

lie bela;.; 10,000 em-I. The a.dopted upper lev-els and assumed qUdn"tum weigJ1ts cont:ributt:! 0.31 eu to the entropy of ':oCl ut 4000 K. 
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Nitrosyl Chlor'ide (ONCI) 

([eleal Gas) GFd = 65.4591 

T. GK 

2'n. 

300 
4DO 
500 

bOO 
"iC):J 
BOO 
'>00 

1 :JUO 

oJO 
100 
tWO 
9,,)0 
(JuG 

2100 
2200 
23()O 
2 /.00 
25JO 

26CO 
2711u 
28uU 

3600 
3100 
3dOO 
190Q 
4000 

4lJ0 
4ZUO 
'dOQ 
44JJ 
4::.00 

4&llO 
'0700 
4300 
4<)dO 

'.>000 

':itUJ 
::..::[);.. 
5300 
::'4,10 
')5')0 

:'blJO 
:iDQ 
'>COU 
'::>900 
b:.JJJ 

----gibbsfrool----
Cp" S" --(~O-H":w .. )rr H~-H"r.f." 

• JOO 

10.057 

1 J ~ /.J 70 
11./69 
ll.730 

ll. 

11 ~ 

iJ.11'1 

13.nR 

1).1,30 
13./19 

13. 79'~ 
1 1~ 87\ 
13.')37 
!J.';l'i8 
1 .... 054 

1-'.9207 
14.Z:"4 
14.2<,1" 

jl •• 3!.2 

1' •• 1.6B 
14 ."09 

14.5"'=' 

1<',.069 
] f •• 70S 

\' .. 7"0 
1 .... (,]7 

14, B~ 7 
14.de;,6 
It •• ~cJo 

14.940 
1 .... 'if\6 

I~. 108 

1';> .14" 
1'..>.1'10 
1':>.d2 

1'.>03'>', 
15.402 
1,).'V.5 
1:> .... 13<) 
]'>.':133 

J."Tl 
').622 

"',::'0 r 
'J.n-3 
.,.7"59 

.UOO INF[NITE - 2.715 
52.210 7l~32d - 1.'H2 
'58.442 oj.4b'S 1.0u;) 
b2.~17 620517 .000 

62.583 
6~~ 739 
66.305 

(0.4 !'1 

72.311 
7 .... 050 
75.560 
7(0.93;0 

eU.4)(1 

fJ 1.436 
H2. )t.lO 

8.1.268 
U' •• t 06 
84.'fOl 
~5 .b56 
tl6.376 

8/.0uj 
bl.720 
ll8.3'.>1 
do. '1)C, 
89.'}3" 

0,.0.101 
<"0.6"'J 
'11 ~ 16 I" 
..,)1.674 
<)2.10':> 

':12.6'+1 
"'3.104 
'13.55<' 
93.9<;1 
'-,' •• 417 

<)4.632 

ge. 

l" "6 

':it;.49J 

9[;.820 
99.140 
99,4')4 

'1'!,763 

100.Jb-r 

lila. 9'0<) 
101.zn 

102.062 

6 3~ 767 

t"'.109 
os.':' 71 
66.616 
61 ~ 527 
68.400 

69.234 
lO~ tJ?9 
7ee 

72 ~ 2 Of... 

/2.tl70 

71,.7(Jb 
7'.oe 271 

16. d'51 
77.3:'-:' 
77. ill" 

74 .164 
7'1. ')86 
79.9<;d 

130.398 
80.1tH1 

Sl. 
a 1.'100 

82.254 
j2.:;>99 
82.937 

d"3.'1C8 
04. ZUI 
/;4.522 
d4.::121 
85.113 

i!'> .40 1 
dS.oS') 
135 • ..,6:) 
.:>6 • .:'32 
db. '.99 

~(,. 762 

113 

I"HJ .... ll" 
tH3 • ..J';>'j 

dd.4'f1 

"'. 

l. 
2.269 

3.402 
4.090 
5 ~q .. 7 
7.230 
8.512 

8:''3 
187 
53', 

1,.260 

16.6)6 
I ~.O 19 
19.'.10 
20.d06 
22.209 

23.617 
<:: 5~ O'~ 1 
2!:.44'.l 

)0.732 
32.168 
33.60'.1 
Vi. 053 
)0.".102 

37.95') 

43.807 

·,1).280 
l.b.75';o 
41;1.23 r 
4<J.UZ 
51.Zl0 

5.:'.1C3 
')4.200 
55. rco 
51. Z;;S 
5f1~ 714 

6().227 

b'. 
6 :. 
6 l ,.1':;0 
66.31 ') 

67.851 
6'.1. J9l 
70.934 
71.48J 
7 l .. 031 

75.587 
77.147 
7o.n1 

kcaljJnuJ ___ _ 

'HI" 

12.81> 
12.517 

12.359 
12.339 
12.340 

12.371 
12.4Cl 

12 .551 

l2.615 
12.67') 
1.:'.73 -r 
17.801 
l~ .86':> 

12.Y31 
12 .9'17 
13. GoJ 
13.130 
13.1<;ib 

13.263 
lJ. 
13. 
LI.4ol 
13.525 

l.19~<jO 

1 3. 6~4 
13.717 
13.780 
13.842 

t 3.90 l , 

lj.':oI6') 
14.026 
14.0t!7 
14.147 

i4.201 
It •• 26.!;1 
~4. 329 
1' •• 3<)[ 
Uf ... 53 

14.516 
14.';:,,;0 
140646 

l .... 853 
i4,'12':.> 
15. 

I ~.1 'j 7 

S.240 
5. j26 
S.414 
':i.506 
'l.601 

15.094 
1 

.27 

June 30, l~Gli Dec. 31, 1955j ];ec. 3}. JEn2. 

AGF Lo~ Kp 

12.815 lNF (NIlE 
13.592 - 29. 70? 
14.674 1&.034 
1';>./93 - 1l.')71 

15.814 -
16.970 -
18.l28 -

I L ~21 
9.27l. 
r .924 

19.282 - 7.023 
ZO.431 - 6.37<,1 
21.5,3 5.894 
n.7ll - 5.':>15 
23.S"3 - 5.211 

2"".968 
21>.08'1 -
Z-' • .-'0-'1 -
1.0.314 -
29.470 

3G.522 -
31.{>20 

34.8<,10 -

3:'.972 
37 .U52 -
36.129 -
19.20', -
40.274 -

lol.3 l.3 

46.6.52 -
!o7.706 -
48.760 -
l.9.813 -
so. BtU -

51 

Sf • • 001 -
'55. at.s -
5.:.-.. 08~ 

:ii, l2':i -
58.16-1 
59.202 -
60.237 
61 ~.:&q -

6Z.305 
oLD5 -
C4 .304' -
65.;;89 
{,o.41/.> -

6l.4'd -

n .~24 -

12.536 -
13. :)':>0 -
1 f •• ':.>66 -
h.)7] -

76.58" 

4.961 
.... 751 
4.513 
4.420 
4.286 

4.16'1 
4.065 
3.972 
J.as!'! 
3.e jj 

3. 74 f• 

3.61.11 
3. 

3.".I2l 

3.''-;5 
~ o"~3 '3 
3.3'i13 
3.356 
).322 

3.289 
3.2::'8 
~.2?9 

3.202 
3.116 

128 
3.106 
1.08') 
3.06'. 

).045 
3.027 
3.009 
2.992 
2.976 

20 960 
2.945-
2.931 

2.tloS 
2.853 
2.d42 

2.631 
2.2.lu 
L. tllO 
2.-{<)<; 

2.79G 

NITROSYL CHLORIDE (ONel) (Ir:"CAL GAS) GTr; :: 65.4591 CINO 
P~in1.. Group C, [,)/fO 12.82 ~ 0.1 kcal/lTlol 

S298.1::' 61'.52 0.04 g..i.bbs/m:)l !dlf?n.:..!: .: 12.35 ~ G.1 kcali,T.ol 

'.:;round S1:d"':e Quantu'!' ·,.'-eigh!. :.. 1 

~~ 
1"I9Y.·' (l) 

S95.& (1) 

~ 30 . 9 (l) 

Bond Distance: l.lll~ .:!: 0.012 A 

Bond A:lgle; O-N-(1 113.0·"': 0.7' 

Rotational Constants' AO 2.8<.92 cm-

!ii?~! _~.!.....Lo_~il':0_"i~l] 

~ 
XII:: --17.8 

X
22

:: - 2.5 

X33= - 1.0 

N-Cl:: 1.976 '! 0 005 A 

[\0 :: O.1903 1.J. em· 

X12 -= 0.0 

Xn ::-lJ. 3 

X
l3 

::.-0 ,S 

Co :: O.178t<2 

~(298,15 K) is calcl:lated 

2 ONe1 (g) ...,. 2 tw (g) ... C1
2 

(g). 

gibbs/nnl frc·rn the thircJ-la;.J :~Sr~. 

from £l.Jir· :: 18.43 .!. 0.06 kC<J.l./mol clC!!'ivE"d by tnird-Ia.\.I an.Jlysis of eql.illbriulll data <.~) 

Ser:.:ond·-l..!w dndlysis yi'~hl.s l\Kr~ :: J8.39 "'!" 0 and an entropy deviat':'cn of _0.09 .:!: 0.16 

Da"'::a "temperatl.lr-:: !'Cinge 372.7 to 491.3 K and consist of a 

combination of three runs reported uj' Bec~on and Yost <.:~). Combillati.orl is justified by the ml..!tu.;;l consistency of the three 

reins, which involved excess NO, .. :xc>!s:;; 2' and POugll.J.y the sto\ch:ion:."!1:ric ratio :\0 and C1
2

, f'espec!:.iv<;!ly. Earlie!' 

data 1'0viewec! by Bichowsky and Rossir:i (1) con:;idered less celiabL:. 

}:!§.~_~ C<Jpi!ci1Y~~.Q !ntrony 

We 1 ~:.: str"lctural p-ardrr,eter's ;"};iich d?pc-QxLnate T_he oc'opted r'oto.l1-ion",1 c:>n3tants (2) obtained from rricrowave spectra of 

throe isoto?ic molecules, These s-::ruct"l'al p..:.r.::~eters ",rc minor modifica.tions of t.hos'~ p,iven by Mi.}lm', dnd Pannell (1). 

Change-I; aJ:"\O w(!ll Ivithi.n the rangw, by 1h,~ iluth0rs but give i.mproved ag!"'~ement rotational constant 

Literature va.lues include {O-I..;} :: 1.J39:! 0.012 (1) ~ 0.02 (:±-, 2) and 1.]7! 0.0& A (~, §); tN-Cll ::: 1.975 ~ 0.005 (1), 

1.95 0.01 (~), L95! 0.')6 (?_, _I?) and l.n ! 0.01 (2., §); a'1.d angle W-N-Cl) :: 113.3.1
0 

~ 0.67° (]), llC
o 

"!. 2Q C'::), 

114 0 
!' 3 G (~_, 2,) and 113° ~ 2° (2. Q). The earlier values (.=!,. 2" l) r·",slll:e.d from electron-diffra.ction data (.:!) and two 

separate analyses (.§., }) of old,;:1" mlC1"NJaVe (~). Rota."tional constants are a.dj:.lsted for the natLlral isotopic 

a.bundance of C1. AO is "'cla"tiv,';ly uncertain. 

Observed \! val U8S .and ",nhdrlfoOnici ty cons !:~r from the gas-phase infrac'O!d study of Jones et a1. CQ). who reviewed 

,!arlier spectral daLL Values of \! arc adjust-c-d [or the natural 1.sot'opic abundance of chlorine. The anharmonicity constants 

differ from,. -and supersede, earlier valu>2~ (.:!.) used by Gordon (.!::.9) in cCllculatinf, thermadynamic functiono: for' ONC1. 

New functions have been calculated "throueh ["e cour't8";y of B. J. HcBride (1.1,,), who USE:d t~8 above vibrdtiona] C:l.n.d 

rotational cons"::a;Yt"!> '.Iit:r first and second ord",r corrections N;l.R.'\02) the ~jASA-·.L<:\.;.i.s compute!"' program (g). 

\·Ie ad:J?l.. "these fw,ctiollS directly for 0 to 298.15 i< ,;nci r<.:;::roduce "the rL!nc-:ions at higher temperatures by in.t"~gr.Jtion 

of Cp', 
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R.139 
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a.f>,s4 
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b.dt<l 

r;.9<,9 
I}. 96 ~ 
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Ie. :-""rl 
10. 4 1 7 
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l.iJ .... .,R 
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'" 

1'1."'''2 
1 " • 6~ 1 
i2.F'l 
10.71& 
jn.r"lf, 

o 242.5/,30 

l!ib~/mol 

S" ~tG~-H"Z'J,,)/T 

.0Cr"l ! ~F lNI r E 
}4 6Q.41'.9 

(,2.07') 

"' ... ',6"1 
6&.',&3 

c9.llH 
6 }.5':>6 

rO.7&" 
71.!'I2 c, 

P. 77~ 

n.637 
7 /,.47'1 
7'>.1'5:> 
7'5.>:127 
7r..',,,;;! 

77.049 
77.6;1 
78.1 ;;6 
713.638 
1<1.11'" 

79.574 
~r).( \? 
Fl.I).434 

81.W.(" 
>11. r~! 

'q.61,) 

81.91,;> 
,,2.329 
~l.b 13 
81,1')7 

,<11.131 
,q .... 64 1 
~).9'i4 

A4.2'i4 
fl4."I,6 

H4. f31'~ 

" 
~r).9J" 

A6.1 '5') 
86.408 
U .• 652 
iJb. ~'JO 
d7.12(" 

P7.3;'l
R 1. 51~ 
1:17. ·"It:) 

~A.4n 

'1'1.642 
88.844 
''10.0-'.2 
<;9.231 

fi9.429 
:1'"'.611; 
~ <). "114 
B?<;llj1 

9".11;7 

6Z.ROb 
{,~ .o?? 

62.')22 
62. l64 
&3.1"13 

t-L !44 
(-,1 •• !.8'J 
65.19? 
6S."lTl 
66.515 

67.174 
f, 7. 7r:.(' 
6~. ,746 
06.7(:,3 
69.1Sb 

·,<:J.124 
7('.17? 

7(:."C0 
'fl.010 
71. loG) 

n.TSl 
7?14to 

71.41;17 
71.789 
74.08d 
-(".31El 
1<'..661) 

14.93'5 
7".202 
7'5.461 
7'5.717 
F;.'Jb~ 

16.':07 
16.444 
H ... 61~ 
r6.9C2 
11.124 

71.142 
n.?5!.. 
n.1f.:d 
n.'Jt,e 
78.1(',9 

T8. 

79. 

7<).101 
19.479 
19 ..... ·;>3 

7'l.b2"i 
7<:).99', 

,11('.162 
11. .... '2~ 

"'i. (dHI 
)11". A<. 7 

"C."<)4 

_____ kcalfmol ____ ~ 

f-F-fr~\I.H 

- , 

.'"116 

.890 
1.77"> 

2.66(' 
3.'.i">C 
4."'>8 
5. "3'5E 
f..7ot" 

ttl. 

.:!:.Hr' 

1. '>97 
3 .4e'-
3. 1 I-~ q 

2.9<;5 

!!.Gf" 

4.('C') 

1.761 
.,47 

?J1\ 

7.1C8 
.... 11 ~ 
.... 7">,7 

b.';°9 
9.712 

- t!. 3<,1, 
- 1 <' .dt!} 
- 14.414 

- 15.<;20 
- 17.4['. 
- lR. " ... 9 
- ?(." \I 

• 392 n. f4 r 

.t'P' - 23.1"''' 

.1'.1'1 - 24.56., 
11.565 I - 25."56 
1'.,493 - 27.02 
1',.476 l.~;l r - 2f:!.bt:.7 

!"'.~61. - 44.19~ - 2S.49Po 
\(7 44.:Bl - rr.-{4il 

- 26.99'.' 
- n.?2S 

- 4 ... R .. i - 25,4:'6 

21.131 - 4'.i.{1.(.':: - 24.676 
23.!:HP'! 

- 23.\)<)l 
"'>.1'}8 2?ZR7 

25."')9 - "6.025 - 21.4n 

46.1(5 
46.59? 

- 46. "GO 
- Pl. I?" 

r:.C:-32 - 47.')ZS - 17.266 

31.C" j - "'1.R5/. - It>.3S,) 
32.CSa - 48.1£''] 
J - "S."C"'" 

- 4>1.A4? - ! L 
;<,.12<; 4<1.174 12 .';U\ 

153 - {'9.',('6 

'I. 
'2. 

4'). 'i)8 

4~ .836 
- ?r.lI," 

'>C'.'.R7 
"O.>:lC 7 

46.">Q3 .HI'> 
47.1'>5( 
.. 'l. ros 171 
4'1.17C - '5.L4:)Q 
<;(.An - ").7n 

51.A99 
S2.96h 
')".:::'35 - 54.4')2 
5S. 1 ('It> ~4 .69': 
~6. U'l ";.4.9;'6 

1\.171 
'1.13" 
8 ~ I Sf" 

7. n7 
f:-.21)? 

5.3l') 
4.i4" 
3 • ~ 72 

I • "'~ 
.4e') 

.'5"13 
1.59; 

• ';,U 
.hlO 
.6JJ 
.1'>"0 
• h'4 

June 30, 1962; JIJn0 30, 197] 

to).! I\p 

lNFPdTE 
1.848 

.379 
I • 70~ 

'6' 
726 

2.9<;r") 
j."3'1 
~. ::'14 
3.178 
3. 1 ~t; 

3.163 
3. PO 
L \77. 
'>,. j7,? 

3.16<} 

3-
3.144 
).l·q;, 

2.%':> 
2.7'.>7 
2.%'; 
2.388 
2.22') 

2.074 
t. 9'~4 
1.802 
1.660 
•• 51'>4 

1.1-'>5 
1.018 

.,)4, 

.<)[7 
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.ne 
• 7')1 

• 63'5 
• 'i77 
• 'i12 
.<'.'») 
.1"1,.) 

• J44 
.,?qz 

.242 
• 19<'. 
.1,,7 

• 1)2 
.('SCI 

• 1)17 

.024 

.":.1>3 

.102 

.13':1 
• I 7 ~ 
.209 
.24) 

:"'Ei\D !1(!'WChLORlI)E (PI)Cl) 

Grou;ld StOlt(, Configuration 

S298.15 52.02 z. 0.0:' 

?.~,,~ 

A [2;;J 

B 2;:+ 

3Q? .:. 

Be 0.1172 

!:i:.:::!!~_i:Dr.~L.J t is!I', 

(lDl:p.r. (,,,AS) 

~--

8274 

21866,9 

34931.5 

J.>:lti 

c
e 

= l o. 0':;047 J C)', 

~ 

[, 

i, oc)t",inej from D,/"D-eL) 3.1 z. e'.' (71.5 !<:cal/r.1ol) wrLlch is tile r'econK,endcd 

cumllineo:.i ·,../irh ,"",nf~(Pb, g) :. ',b .91 ! (1 13 kc.-.Um:;.l -l[lJ .j{f~(Cl, b) 

!(cal!r~oJl.. ,-,!lfo at 29;~ X .is 3 ,5 ~ 17.0 kcal/mol. 

lined!' Hirge-'Jponer extrapc·lation. of tne observed vihc"tioncll 

GF'.; " 242.6430 C', Pb 
d~f; '" 4.0 Z. l~.O kcal/;nol 

.Hf298.15 = 3.6 z. 12.0 kCdllmol 

A 

PbCl. 

(1). DO i~ 

g):: ~.O!' 12.0 

= 3.2 e'J) 

This value 

hn' D(L"'<) obtdiiled the re::;u1ts of other- 3ye~trometric stuJi(~s (::, while the results .o.no1:her zimildr stLldy (§.l 

1e60 to 0(L~X) ': 2.i >?-'I. The values of D(Lei;) are i:lcr'eased by o',ly n.l · .... ;']e[\ corrected for t;le i0nic chclracter of Pbel ';)y 

!lild, [,brcrnd formul03. (~). baseJ on linear 

(§.J anJ :2.4 eV to je 

;,150, di-<!l<lnd dnd :;",,,!;;urgh (:~) fit'"t D
J 

12 eV from obs",r·,,'<l.ti0[\s 0f predissocii:l,-:ion. bu1: 

possi!;ly 3 e'\'. It is to be not",d tho.lt Ol.!!' "Er" valuc.3 for PbCl clnd >'bC1
2 

(.?,) indic,"t~ 

.31gnif..c':::ant in t'in.-Jinc of tile Tho:: di.tf.'r.':-,ce )O(P;::Cl-Cl)- r}O(~b-Cl) i::. ~qudl "to only 2,2 

~!_ .s..--,~p_dci~_'i __ ~.':'-':L tntl'opy 

A2 r), and s ."ire: "taken teem t",t; compil.J.tion of Rosen (1.2) for 

f'b
J5

Cl. Th« cun':itants .:tt'¢ isetOlJlc abundntlCC3 of c;,lorine. It i:, not clear 

,~dopteu 

to b.e 

The t'o't,l-ional 

Singh and S-ineh (,1)). The 

; '" obtained from the 

(ll) dre in reils:maQle dt;ree-

''''i th 01.lr dllupt0d va. Lues. [!'le estliHdt<'u fro''! Ll~ other constants a.ssuming d poten'ti.al function. The 

.tltl9 x 10- 3 ') 
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france 1955, 2933 (1965) . 

(195G! . 

7. :!ildd",brdnd in '';,jvanC:C'5 HirJ,.". Temperature Chemi.stry," V01. 1. L. t:yrine;, I:d., ACO-dC'r~ie l'r~,;~, Ne'!\"· York, 1957, 

~. K .. ~i"'lilJld dnd R. Jle1v. Phy'J. ,\ctCl 33.,590 (J949) • 
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Dichloride (CoC 12) 

G~W = 129.8392 

-- gibhs/mol----_ 

'" -(G C -J-f':1Jffl)(f HO-H°:t;ls 

.000 .000 INFINITE 3~ 7 16 
li.Stu 8.830 41.422 3.759 -
17.0'.:>0 18.943 n.t86 l~n9 -
18.1&0 26. i 1'.1 26.115 ~ 000 -

1M.760 ?,O.Z,j, l6.llS .035 -
19.530 31.145 26.B62 1.953 
t<.J.93J 36.148 28~ Z94 3.927 -

za.?20 3<J.807 29.'1116 5.934 
20.54:.) 42. "49 31.559 7.973 -
20.1';0 45.700 33.1 ~9 10.036 -
20.9(0 48.160 34.692 120122 -

21.090 50.313 36.151 14.222 -
----- ----------

21.230 52c390 31~5H 16.330 -
21.350 54.242 38.853 1 Bp 467 
21.<080 S'h9:'o 40.103 20.b09 -
21.600 ~"f. 5')3 41.293 22.763 
2l.77..0 59 .. 047 42.426 '4.929 -

J,me 30,19,3 

kcal/mol--
~Hr 6.Gr' 

15.i43 - 7 <j~ 143 
15.10-46 71.630 
75.139 - 61.9 L2 
74.700 - 1.>4.',51 

74.691 - 64.394 
7' •• 211 - 610033 
73.750 - 57.791 

-(3.304 - 54.641 
72.1369 - 51.566 
72.550 - 48.537 
12.155 - 45.559 
71. a03 - 42.624 

11. SOl - 39.121 
11 ~ 260 36.843 
7l~llo - 3).'J82 
71 .. 093 - 31.1.26 
70 .. a30 - 28.281 

Leg Kp 

INFINiTE' 
156.548 

74.211 
41.249 

40.'1l1 
33.341 
25.200 

i9.9u3 
lb. 100 
11.260 
11.063 
9.115 

7.892 
6 e 710 
'>./13 
4.859 
11.120 

COBALT DICHLORIDE (Coe1
2

) ( CRYSTAL) 

S;St:.15 26.12 O.O~ gibbs/mol 

Tm 1013:: 2 K 

Heile vf :orma:::io;"1 

GFW l29,83n C1 

_74,7 : 0.3 kc~l/mol 

! 1. 5J kcal/mol 

The aaopted value fOl' .::.Hf;98 of _14.7 kcalfmol is t'r),d't given in NBS Technic.<ll Notf;< 270-4 (.J). This value is based mdinly 

011 T'e:J:J';'ts der-iv""d flom nedt oi sol\.nlon mea:jUI'ements on (o(e) (l) and Coe1
2
(c) (~) in aqu<:ous HCl (6.p.t 2':lSCCOC1 2 , c) ;:: -74.9 

! 1.0 keel/mol) and from a thin] law analY5is of several secs of equ.ilibrium data (::-1}). Results of earlier heat of ;;ol~tion 

iUf;:dSur,:;:rr,(;nts 011 (a(e) (l1., ~) in a.queous Hel are in r'E~Qsonable agl'eemen1' (!0.4 kcal/rnoll with those used in our calculations 

(.~), while 'the results of Thomsen (~~) a~'e some 2 lcca1/mol mor-e negdtive. Results of a second and third law analysis of the 

equilibrium d.ata. with JANAF fum:tlo~u, are tabu':'ated 1)1;:1010.'. 111..1'xilirrr-y lJiI da:ta used in the analysis are Cia kca1/mol>; 

':'Hf
2SS

{HCl, gl -22.:::63 0.05 and L.llf;9[JCfeC1 2 , c) ·8':;'.7 0,1 (J.:..?l. 

(~) 

R,,"actio;J": (A) 

B:~~~_-r:.l._q~ 

A 
f. 
A 
A 

eo(e) + ? ii:Hg) 

(B:; Ca(e) + Cl
2

(g) '" CO(l2(c) 

«() fc(d + (oC1
2

(e) ::: feC1
2
(c) ... Co(e) 

Three (2 -J) of thr;, rive s~ts of !::quilibril..W~ ddt", OIl 'th<::: 

agreement (::0.3 !:c."l/rnol) with the value (_74.9 Kcal/m0l) 

Temp. !'d!r 298 , kcal/mol Drif t 
-1.Hf 29f1 (CoC1

2
, c) 

~ l~'2. __ ~_~ 3rd L,v,..r eu ~al/:no1 

57.5 
74. 6!l. 7 
74. B!O. 3 
'1b ,O~0.4 
74 .O~O. S 
75,110.1 

73.1 
u'90_'fcO -1.1!.O.Ol 74 .6"!0.:1 

red\.:ctlon CoC1
2

(c) yield l\HfQ value3 W'hich are in good 

by solutior: cd.lorimetry (1,) l). Also, 'the results obta.ined 

from our analysis ot the recent elec'tromo'tive fo'!.'c~ study of rec.ction (e) by Sl',eldon und Gee (J.J) provid~ further confirmation 

for "the .adop<:ed valu~ 01 .'lHr ~. 

lH-.a.t: Capac~_~y'_':l!'':£'' Em~~p'y 

C}.'''' da.ra belo\,,' 300 K al"e bdsed on ,:18 low 'temp"rature mcaGurem~nts of Cnisholm dnd Stout (.:!:.§.l (11-300 K) and Kostryukovd. 

(17) (1,8-4 K;', The Cpc data of KostrY<J.kova (.:~?J ,below 3 K involv<2 bias due to the presence of trdce amount~ of wa:ter in the 

CoC1
2 

sdmple. His r-es:..llts (.!2') con'td.i.a a s:ndll arwmdly fl(!ar 2,8 K Wflich Pl'€::,uJndbly arises from t~,~ CoC1 2 . [) H 20 dnti

.feI'rolIia.gn~tic transition a.t 2.3 K (~~). The effect of the nexal'.ydra'te on the Cpo ddta above 3 K LS judged to be negligible. 

The Cpo da'ta above 3 (.. a.re joined. g!"'uphicdlly wirh 'those of Chisholm and Stour a.t 11 K <.:h.§). The latter dctta set contains a 

ldmbda peak d't 24.71 c..pG ne<tr' the mu.ximum is ~.1 gibbs/mol, and the enth,1.lpy associ6'ted ,,.ith the n'<l:!si'tion is on the 

order' of a few calories. The existenc~ of ti'.is anGmaly has been conf~rmed from heat cdpii.city rn8asuremen'ts by Shalyt (.!.Q) 

::; 2'l.9 K) and TI'dpeznikowa (!"t dl. (29) (13-130 .><, It ;; 24.90 K). This anomdly i:., d}.lj:oal'ently assoeiut:ed with 

th~ cooperdtiv<! ord~ring of "the mdgnetie mome:1ts of the cobaltous ions, ThoO! lat"ter 'two se':s of Cpo datil dre judged to be less 

!"eli<ibl~ th<in that of Chlsholrr. and Stout (1.§.l and dTe .1101' used in .. he ce.lculat:ion of 5
298

, 3 298 is obtained from int:egration 

of 'the adop'ted. Cpo's and is bdsed on S:i ::' 0.003 eu, 

CpQ d,a"ta above 3eO K are estin:ated Cp-T curvell for fee1
2 

(1 .. ~) and MnC12(~])' The :-csu1ts of tr-,E: only high "teropera-

1:u:!"'c enthalpy study (.?J) reported Ior CoCl
2

(c) have been a:1dlyzed by Kelley <Q). liowev€.'.r, d coruPdI'i~,on of t~ese Cpo's with 

tnose for th2: isostructurul chlorides f~C12 (.!i~) and (1l) ind.icate "that 1:he~e values are probably too high by 3 .5~ at 

400 K and 27.3% <it 1000 K, ether comparisonG (~.:t., 11) which indicate That i1: is not. unusual for the Cp" data of t:h.ose 

P.ussian worKers to be in error by several percent. 

11.::.1 t ing DOl 1:d 

See CoC1 2 (t) table. 
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Hea.t: of 3DbLi.l'..1.~1:ion 

See CoCl-Z(g) table. 
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Cobalt Dichloride (Coe 12 ) :oa 

~ (L i qu i d) SFW ~ 129.8392 
c 
Q 

¥ kcal/mol 

< T, "K CpO -(Go-w",)rr HO-HQ:N 6HI" 6GI" 

!:!.. 

,.f!> 
LOO 
200 

Z "6 lS~ 760 35 .. t>17 35.617 .000 - 64.894 - 57.464 

? 300 18c 760 35.733 35~617 «035 - 64.885 - 51.438 
400 19.530 41.246 36.364 1.953 - b4~4U - 55.028 
500 199930 45.649 31.195 3.921 - 63.944 - 52.735 

-0 600 20.220 49.308 39.418 5 .. 934 - 63 .. 497 - '>0.536 ..... 700 23e 700 S2 .. 449 41 .. 060 7.'H2 - b3 c Ob4 - 48 .. 411 .... 600 23.700 55.614 42.686 10 .. 342 - 62 .. 440 - 46 .. 353 
900 23.700 58 .. 405 44 .. 280 12.712 - bl s 759 ""'t .. 382 

1000 23.700 60 .. 902 45.820 15.082 - 61.137 42.487 
---------------------------- - -----------------------------

l1ll0 23.100 63~ 161 47.295 17 .. 452 60 .. 581 - 40 .. 649 
1200 23.700 65.223 48 .. 705 19c54!2 - 60~ 09Q - 38.859 
noo 23.100 6 7~ 120 50.049 22.192 - 59~ 727 - 37.1.06 
1400 23.700 b8~ B1b 51.H2 24.562 - 5Q~493 35.314 
1 '500 23.100 70.S 12 ~2. 551 26 .. 932 - S'il c 021 - 33~668 

1600 23~ 100 72.041 53.127 29., 302 - S8.4t!9 - 31.995 
1100 23.100 73.478 54. f::I4! 31.612 - 51 .. 935 - 30.354 
1800 23.100 14.53) 55.920 3';..0.r,2 - 61..271 28.619 
t900 23.700 76~ 1 tit 56.950 36 .. %12 - 60.781 26.8S0 
2000 2~. 100 77.330 57 .. 939 38.162 - 60.294 25.109 

June 30, 19"}3 

Log Kp 

42.131 

41 .. S .. " 
30.066 
23 .. 050 

18 .. 40B 
15.114 
1.2.663 
10 .. 778 

9 .. 285 

8 .. 076 
7.077 
6.238 
5.522 
4.905 

4~370 

3.902 
3.482 
3.092 
2.744 

COBALT DICHLORIDE (CoCl.;) 

Si9815 = (35.617J gibbs/mol 

Tm := 1013 ~ 2 K 

(LIQUID) GFW ~ 129.8331 C I Co 
{JJ1£ 298 .15 :: (_61..:, BStj] kca.l?mol 

6Hm~ ::: (10.7 .:!: 1.5) Kcal/mol 

Heat of Formatiop 

uHf" is obtained from tha't of the crystal hy ad.di .. .ion of thO! <!stimated value for' oHm" and the difference between (Hio13-!1i9Sl 

for the crystal a."'.d liquid. Independent values of Illif-Ct) (or uHf·Ce)) ean be obtained fT'OHl d second and third l.;iw analysis of 

two sets (,;, ,t.) of emf data for' the formation cell of molten CoC1
2

• RE!sults of our analysis of these data are tabulated below. 

No. of lIHr 298 , kcal/mol Drift l!.HfU) t1H£(c) 

t~y~§_t::~£~_!9_~ !,g~~ 2nd~ 3rd W\oI ~ Kcal/mol kcallmol 

Devoto and Guzzi (1) 
Hamby a..T1d Scon: (l) 

1023 -1173 

1073-1173 

-75.8 

-65.9 

-65.77!1.7 9.2t1.8 -55.8 -75.6 

-63, 6 7~O. 3 2.0 -& 3.7 -73.5 

[Yen though both data sets contdin few point~i and show significant positive drift, we note that the average AI-lf(c) Value 

(-71.1.6 kcal/mol) obtdinE!d from these r'esults is in excellen't agreement wi"th our adopted value (_74.7 kca.l/molJ. 

Hea.t Cdpaci"ty a. ... d Entropy_ 

Cp· is assumed constant dt 73.70 gibbs/mol in the. tempevature I'dnge 700-2000 K and is estimated from liquid heat capacities 

(l) for FeCl2 , I1gC1 2 , CaC1 2 , and NiCl 2 (~). A glass transition is assurr.ed dt 700 K below which Cp· is that. of the crystal • 

Si98 is Obtained in a manner analogous to tha."t for lIl!C 

Me 1 tina Da ta 

Tm is that obtained by Schafer and Krehl (~) from cooling curve me.:wurementg. Other repol'ted vdlueo; for Till are 997 K (§) and 

1008 K (J). Our adopted vdlue for 'I'm is that se.lecttlc by Brewer et a1. (~), while Kelley q) chose Tm :: 1000 K. 1I1-'_\11· is 

calculated from lIHrn· = l.ISm~ x TID with [ISm- = 3.51 ~ 0.5 gibbs/g-atorn. oSm· is estimated from similaI' data fl, ~} for "the iso

st['uctural chlorides. Ft!Cl 2 , !1gC1 2 , MnC1 2 , thCI
Z

' and CdC1
2

. Kelley (2) has analyzed freezing point depression data for se.v€l':'al 

binary systems which involve CoC1 2 . Unfortunately, "the values of 6.Hm" derived by Kelley (~) are. very disCNpunt and pr'obably 

ot no use in defining IlHm e , Reported values fa.ll in the range 6.71-8.75 kcal/mol, and Kelley (~-' recommended ClHm· = 7.39 

kcal/mol. This value is 3.31 KCdl/mol le:;s "than our estimated value. and is also inconsistent with tJife values derived for the 

crys"tdl and liquid. from equilibrium da.ta (See Hea"t of rorm.a.tion Section fCH' CoC1
2
(c, 0), The clisc!'epa.."1cies which ario;e in 

Kelley's analysis of 'the freezing point da.ta may be. associated wi"th the ability of the divalent cobal.t ion "to fCr'J:I cOl);plex ions. 

VaRo>"'iz,J,t'Q!l Data 

See COCI
Z 

(g) "table. 
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C?,:; ) j 

I.:ihlh/lllul ___ ~ 

,- -«(; --11 l"~~)n II' -U""'J~ 

.OOV ['JFINITF '.t.')O 
~ h., '" Q '13.';14 :'.lO'1 
"') • 6~, 2 72.5'36 1."79 
71.21"0 it.2':," 

71.353 71.26') .02t 
75.4')1 71.illll 1..(.1,"i 

72.A')1 

f<\.< •• n 74.102 4. 39 ~ 
il1.71! 7'5. ~! (, 'i.HRt) 

"'''.71', 7t>.403 7.'I7fj 
P7. t.,)2 77.'" Iii '1 .... >ji, 

0<1.<';'12 71:l."'''-T 1 n.l.O"i 

l!.'l,? 

"6.)16 >l4.u47 14.(,4/; 

')7.260 84.7'lfl 21.1'Jh 
-1"1.1<;2 i'lL,."l,) 

"!".B0 8tl.202 2' •. 2<]1 
"f..S,'>l 2').f'41 

>11.4')" }1.5'17 

-Pi. 10') 2 >J. '~4 7 
101.9'51 IHJ ./0"11 ,,),<'91' 
[02.1:1;) 'l<).7''tl 
I il ~ • 14) ~ S.? G') } ~. <; q? 

10_,,-R4Q 'lO.3j<. 3'>.14'1 
1;J4.<'i' ,n.':!::'') )1,.61' 1 
104. q ~t. 91.14\ \R.21<. 
jl)'i.5j<l 91. Fl2l 1<1.781 
106.01>.1 9;>.7.'\7 4!.'/; 

J 0"'. ~ fl qC'.7<.O 42.871, 
t07.0A2 9 ~. I HO .1.4.424 
lO7.5Jil 'l1.t.J7 4'),<)12 

10l1.001 9 1 •• 024 41.5;>( 
10,3.450 94.<.30 .,<0;.06'1 

10A.R'l1';: '1.l..eL'> ',C.bl 
10'1.311 9'>.)j I 
109. 'z'" q'l. ~J P.fl 

110.12" 95.955 S'5.272 
110.',21 "I". ':!IS 5':0.1125 

110.9:)'> '--/h.6(-'6 37<; 
111.2 f9 'H .OJ9 
i 11.(-,4'> qt. 3<'':0 61.4!'t9 
11?003 GI.674 63.04t 
!12.15' 9-r.<,';1 64.6(/'l 

11' .I>GI> 9R.>!1 66.11'-2 
II 3.(J 31 gP.,,;?Z (,>7.721 
1Il.1!'O ""9.lA? 
llLl'>d.' 7C.1l4) 
111. "191 72'.406 

114.11)7 ~'J.il(n 

11"'.">1: 1')O.Oi:l'i 
11<'.909 lJC. n2 
Il'>.20Z 100.634 rfl. 6'" ':0 
il').4rl') 100.001 flO.n2 

I[S.77.' 101.1.,l, l'i!.ROO 
11 h. 04'1 l 01 • "2 ~ SL ~6q 
11 '>. ~2? lOl.h7A "".9", 
11 /,.<;'11 1()I.'J2'l 11<'>. ')U il 
llh.'3',5 102. I-IS 81:1.07'1 

--kcal/mul 

J.Hf' 

- 22.7]1 
12."'lj 

22.400 

2').'>l/ 

22 ... 0', ?<.7?J 
<'2 ... ',4 21.142 

)2.<;41 - ,: R. 9', ~ 
,?<l.dr't> 

- I? cl\O ~ n. ,u "> 

- ('1.U'll 11.M'il 

iLi20 I? .t\hO 

2.1.('D7 3.1.:101 
2;''1/-,0 

2').1,')1 .1f\.OI' 
2',.'i\( IR.?7,) 

F).OPo 3Q.4,)', 

30.<002 _lg.9f.6 
;'0.73<; (,0.462 

~! • J f. i1 40.Y41 
3].<00<- 1,\.14 0' 

"? 4J. b49 
42 • ~ H 1 
4..!.,>C,') 

12.772 4j.ln, 
J 3. I tl 
31.<'73 
1.1.>,\27 
)4.! H::!- 44.,)'"lj 

1.4.91<' 
- I 4l,.42<, 

- 12<' 41. '"I3H 

Id".Obl H.448 
,24.111, - 11,.')111 

12<..\1») 
124.1Q'5 11.')1 1, 

- 12<' .24(J ?<J.4"!<j 
124 e 2':iO :6.9'19 
I,:!' •• l"., /'4.<,'14 

-'124.403 2!.'19? 
124.<.&1 19. 'laO 
1."" . 51 ~ II.JOI 
124.607 - " 124.6A6 - i! 

124.7f.7 9.(';19 

!'.9f'.\ 
1 •• '.7:' 

7'5.046 
i25.1<,8 

"3. Of <) ,-
". 

12'). t.12 10.67') 
125.7 .... 2 13.1 '.i0 

125.877 1'1.67'1 
- 126.019 le.2UI 

1 ? ~J. I f. I> ?J.nf 
126.;'Z0 ZL2h'\ 
;.z"'.4dO 2':0.-10., 

)Ln 

[,,1 

1',.'.78 
1"-

! O. ':dO 
9.3")1, 
8.4!.' 
7.t',';, 
r.lrl? 

( .• 716 

';.4{", 

'>.I'l? 
l, • '"' ~ 'i 
4.f'll 
I,. ~Cj , 

4,421 

3.rl'ill 
Ln1 

J • ., 2 ~ 
~. ',21 

'.2<'4 

3.11:>0 
'1.031, 
1.717 
;>.':>F, 
2.10B 

.wn 
• QI1Q 
.(,'"16 

• ~ 1 ? 
.1111 

.1 

-
-

~: See CQ?C:l+(~) '.1ble. 
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L. 02 ~ r J i c h 

(Cry tal) 

nriC12 

Gc-

(f)bl.1 2) 

27cl.O% 

----)tihbs/mol-

T. 'x Cr' s" -(;"-WrJ~)/T 

I ('~, 

!".I·Ll \.-!. 17.':-"r: 

'v n.444 j/. • ..,I<. ~"'. ';r ~ 
'.r)"1 ; ,~ • 1 I, • '1'LJl~ '11.;')2 

1 '-'. ~ \ 4 \4.""lr 

A 1',- ~'l. "!. IS 4"'.::1'1 )(,.?F! 

kl.'aIJmol----~ 

H"-Hou" 'H~ ticr 

.('er' R': .4f- 1.,. : ~-, 

• r ~ ... 'l':i.-j<:.3 15.:'lQ 
].91 /, - -15 .49~ (I. ".., ~ 
1.66? 85.,:'r:l !.7.o/'ll 

'-. • ~B<': '14.61 " 
I"lC Il.?! 7 4-J.Z',,) H_._~r.~ _____ ?!~011 _____ l5_.]J_"- ,:,l.·J.3L __ -1'1"'- ---')-1'.-,-:-,- ~?~ !""'i J- ,,".1.,") 1l'.IJ4 - " .... 12'> 57.,<("1 

;-i'.!,r,:: '>1..,'"'' '. 1. ~ ),' I ~ • 1 "Q - "14.1(><' 5t..H:; 
tr'H) , 71.1.<)) .., r. 171 ',2.<;2,1 14.1>"" - '"' ~. <"09 "'1.11'> 

112- ~'l. <.;: 3 l,).'Jt>2 li.(Je 1l2.t-I.,J l..7. n .2..' 
\ ~ ',,) l_. f,75 "1. '.>4~ <.;'. ~ II Ill.('''l - ;1 '.l...,1"2 
I},:,n 1 ~. 'I he. 61. '),.1 4.,.'),,) '0[ • f<;~ 
\4";, 2;'.:5"'- I:~.I.:' 7 <, 1.g3 7 l".rU 
10;;') 2;,.1t .. <; f!.?,t-,o 4'J.I('", Z 1. I ~ ... !>l.I''>:' - ", .'lFC 

Harc:-, 3l, 1')6(; Jl.:ne 

Lo~ Kp 

"t':i.,,!CJ 

29.1i.'l 

l1. 

I Ll'~5 
11.171 

Y.5?1 
~ .• 1 .,-; 
i'. ~ 21 
6.C',l. 
'5.22f:l 

LEAD DICHl.ORIDE (?bC1
2

) (CRYSTA:..) c,n'~?78.Q95 rl?Ph 

s ~ 9 8 IS o. ~ gLbbs/mol -85.9 ! kCdl/mol 

Tm ::; 77" y: "; 0.20 kcallmul 

44.3 ! 0.1 kcallmol 
Hedt_ 2L_[S!E22:at.i 2!! 

• 01 ') ~ Cl :,cal/"nc>! is OlytaLrH':0 ,"ronl <.l Id"" dnalY3is of ;~t:-. 'Jf fOI'C2 datc1 (.;'., ~, 2, "J fo!' 

three .j[ifcr00t 'I.om"ly, U.J ?b(c) 

rb(t).. 2(g) " S,:vcn <)'th"r 

value, wnile on'=: "it't Q: eRr ,j",Ul (l.) tor (J) 

OLlr analy~'" 0; th'2se data a!C~ tdDuLltf,d b':lo;,.'. 

ClrlCll:/:;i:, of 

In.Y£.ill~~~ 
(1) 

Hl'1 .. r C}l 
:)\C,11 
:~, 1 
,et II 

(1) 

2Ag(c) j. , (G) ;)t)(c) :: 7Hg(t) 

(1,1, give ..:.nf' V<llu(::.; a00ptcu 

c[ -85. L: ~cdl/i7lol. Resu' 

Abo in the "tal-~le i3 i:I, for .\{f< (.,bl,ljn~'r' fco,;; j, U;i!:'d law 

[:::juation 

... ;;:IIC1(\o',). l;cJxiliil.:j 'ledt:... '.)f .f0('mati.c)n l.l:;(?'d Ln o'Jr 

(I'h. t) -. L(12~ I_:,} \ . r:) ~ -63.3),,9 

_,11'° to c',,: lc<;: t;-,p ('S';i'-!hJt",d 

• oj 

dr.d q]) (283 

i\elley and 

t~<.: 

~.'(·re made in an iso-

polynomial 

(t?) 

dg:'~e 

1: ~y 

-;tudes (.?_~) yielcJ..od 

'J;du",,, 

1851. 

....a 
N 

n 
::I: 
> 
Ion 
m 
m .... 
> r 
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Lead Dichloride (PbCI Z) 

(L i qu i d) GF\"i • 278.096 

T, C'K 

100 
400 
sao 

bOO 
}O_CL_ 
BOO 
900 

100(' 

l (on 
1200 
000 
1400 
1';.0C. 

1&00 
li'OO 
1800 

---~ibbs/mol -----kcal/mol-

Cp" s.. -(G~-H"~)rr H"'-Wl:3~ 6Hf' LlGr- Log Kp 

HI.421 36.661 36 0 661 .000 - 82.219 - 12.105 53.294 

16.44', 
19.143 
26 ~ tj.5C 

3&.77'3 
42.171 
46.523 38.798 

.034 
l.Q(1o 

3.862 

26.&50 '51..382 40.50J 6.527 
9.192 

. ---f(.-ij-S7 
n,.h50 ,5.'.90 (.2.3'>8 
26: ~XO ----5-9.-040$"- --44:22'( 
26.6'50 62.188 46.052 J4.S22 

17.161 26.6'50 64.996 41.808 

26~ bSO 
?~_._6_S_Q 
2(..650 
26.650 
26.65C 

26.650 
26.61)0 
26.650 
"26 .. 6'>0 
26. 6~O 

75.801 

77.521 
79.1H 
80.bbC 

49.1,88 19.8'52 
')1.090 22.S11 

----S-i .. -6-1-7- - ---i5~ia2 

54 .. 012 27.847 
?"~460 JO.512 

')6.785 
59.053 
'59 .. 26-' 

Be l17 
35.842 
36.501 
41.112 
43 .. S31 

- B2.272 
- fH .87'5 
- 81.452 

- 80.346 
- 80.429 
- 79-.:}-il 
- 18.310 

77.245 

{6.11(:' 
- 7') .. 102 

-::--i4-.-0Z-S 
- 12.949 
- 71.674 

- rc. S04 
- 69.73( 
- 6!l.677 
- 1:>7.622 
- 60.575 

Mdrch 31, 1962; JUl'e 30, 197.1 

- 12.646 
6':l.49r<. 

- 66.4'50 

'52.922 
37.971 
29.045 

- 63.554 23.149 
6_Q'f..t!'2Q ____ H_·_'V_~ 
57.898 15.817 

- "J'J.?77 13.423 
- ')2.775 1l.'JV. 

- :'0.380 

- 43.150 
- 41. TCO 

- 39.724 
- 11.812 

35.967 
- 34.178 
- 32.44~ 

10.010 
B.151 
i. Til 
6.830 
6.016 

5~426 

4.861 
4.367 

3. 

LEAD DICELORIDE (PbC1
2 ) 

S298 = 36.661 gibbs/;:lOl 

GfW ~ "C.096 C I ?Pb 
-82.279 ksali;r.ol ...... 

( l.IQUIJ) 

'fm 0.20 kCl11/mcl 

1226 K I~H·J" 30 2 kCal/mo1 

t!~dt of ForDdcion 

r,l-1f~ is ob"tain~d from t:lat of the crystal by d0.dit':'on of ~Hmo and "[he aifferenc<? b81.w~en 

liquid. Inctep<2ndt!nt -"<>.lues of "H£O(l) (o!' ,:,HfgCc)) can be obt:din€:d frO!;l <J. sr,ccnd and "th:'l"'c 

for- -:he crystdl and 

nine se1..s 01 «mi" d<l.t.<l. 

(1-2.) for t;H~ formd.t:i0n r:ell of molkn PbCl
2 

((A) F'b(t) + Cl/g) -= PbC1
2
(i)) a:--.d three se"t-:; of equilibrium dat:.::. (J..2, Lb.) fOl' (3) 

?bC1
2

(J;) + H?(g) = Pb(t) + 2IiCl(g:. Resulci -JJ. 0ur o.ndlysis of these datd. a.r-e ta.bu:;'a:-ed below. Auxllia::-'y hCdt.:; of torlH<;l.ticn '-'.:.;",1 

in t;-',,~ dndlysis dr'e ~Hi;98(Pb, ~) '" 1,025 kcal/inol (~) and g) -2;>.063 .,<cal/mol (~1.). five of the ni~,e 5e"ts 

of l'illi" Cl.::itd yield voLl!,;S !or ilf-!f°(c) w:lich a.~'e in good agreement KCd.!lmol) wi::h adopted v."l.lue. Also, the l'f!SI.)lts of the 

exteD.31'18 ewf mCd5Ure'lle;,cs of W<l.rns-r :;e.ifer·t: (~) by the (:'l",ct.L'onic COJ:"ollrut.:lt:or me-rhod <.l.C~ quite COIT1p<.l.'tible with our a.dopt£:d 

functions. 

.!Ey_~~~_~~~!=_C!.!, 

'- T1-,ird ldw vdlues. 

:--I.C3't. _c;,~~~i t:y .::.nd I:ntr'2'p-Y 

rio, ll[ 

Re",ct~on Poi'lL:;; 

(£.l 

(.':>.) 

rej':!cte.d due 

10 
21 

f<Jilure of d .,-tottistical 

,,< ca 11 r.lO 1 i:lrift 
J:>:>d __ ~..I.!"-

Cpo is <l.55u.7Ied 00nstdnl: .:::t 2(,.5~' I.!itbs/mol OVi..'r' tll~ tt?J~p.;-r..1.tiJJ"'e r'dnge :'00-2000 K q.nd is b<>.sc-d ~he smoot)-,ed 18;""1 ive 

entlll.l.lpies (77lr_950 of Alim et J..l.. (~1). A glas:i 1l'dnsition is ~ssu[,\ed a.t 5,,)0 f: below w!lich Cp~ is t:lat of the crys't~l. The 

sfiloothetl (;'D"thalpies of Kelley (l.::!.) (800_1.000 :0 devi<lte by "l, !!'o:t ou!" vd1uo?s, ;'Ihile ,OS8 of Thcn:p~");l dnd t"le:-Jgas (~§) 

(813_9-'5 K) deviate by :!:l~. The enthdlpiec; l,~ Bloom and Tric!<:.lebank (.-hi.') are consistently lower tt.an Ollr' values by -3.1% at 823 ", 

and the deviation in(:rcll:;es to -12.6'., aT 1U73.1<.. Warne::- i.lnd Sejfert (~) h'-'1e d(:lCI'lJlll1(.!d CpQ data for PbC1
2
(i) !:,'rom thej.t' err:.~' 

measureme,.ts, They l"epor1:ed valu<!s (a.ll in gibbs/mol) 2::'.7 (ROO !':), 26.2 (-:lOll K), 2ti.t. (lCOO lO, ar,d ;.0.·' (lLOO <,,). I3iZQUdrd 

a:ld Pauty (2:..7) measured Cpo for trle liquid de. 21,.7 gibbs/mol. 

the hC-it 0[ formatiun, 

711e entrapj-' at '~3a K is ca.Lcula.ted in <.! manne!' analogous "to that of 

~E£A;;~Jj,on Da. ta 

i.s tf!e !:emper,:;.ture dt which L\Gr II for tree process roCl?(f.) -:: PbC1
2
(g), il:-!r~ is c<J.lcuL.<ted c:s tl~e difference between 

::'~lf'rb for' &as M.d liquid, 

y~~ 
1. P,. Lorenz and;1. G. ['ox) Z. Fnysik. Chb:l. .§1., 109 USOS). 

L. ,J, H. r!ildenbC'dnd and G. C. Runie, J. Che;i\. Soc .. [~, '122 (1927), 

R_ Lorenz dnd H. Volue, 1:, r.norg. Chei.\. ill, 81 (1929). 

4 •. t<.. Wadl1:er and J. H. J. ",--:-,C1', Chem. Soc. ~3., 4655 (193(,). 

5. L. HolUb, F, Ne'..l1;>ert, 3.nd r. 5aue::-ow~lj, ;~ • .Physik. C~en •. ';12, 161 (1935). 

6. ~l, r. La.ntriitov ."nd 1-.. ? Alabysnev, J. /<.ppl. (henl. (U:';SR) X~., 2JS (1:!::'3). 

7. Y'..l. i<. Oeli17larskii. and G. , Ukr. Khim. Zh . .2.1. 781 (1963), 

S. ~ B. Warner' ar,d f<. :... ~e';'f,~:'t, ::. ?hiS. Ch,pm. §l, (1955). 

::. i!agt:;;"lar,k and D. riengst>2:1berg, J. Chem. I:1I~ .. l' a, l!., ;;'96 (19Sn. 

10. A. 3. Bag.ja,5urian, '['rOoDS. A.rner. I:lectroche;:l. Sc· 2-.1" '-1-49 (19??). 

11. Jellinek <1nd t\. Ruddt, Z. Physik, Ch","~1, ;_~, (1929). 

12 JAN ..... r Thermochemical Pb(O, 3-:31-.52; 'flCl(g), 9-JO_6 11. 

13. A.~. Alim, P. Kur'c:, ar.Cl \.;. D. Van \forst) 1. ':'I • .or,l • .Eng. Data }._~, 2[' OS68). 

14. K.;(, :<elley, 0. S. lhir. 1·jines Bull. 5dLJ, 1980. 

1;;'. '.1. T. Thompson <1mJ S. N. Flen2,ds, Cdll. J. Ch~rn. ~, 15SG (3.97l), 

16. ri, Bloom and S. B. 'r·;'cklf!bank, A1.I51:. J. Chern.2..§., 187 (19[;5). 

17. l1. Bizoudrd and F. Pd.ut:y. Compt. rend. 2:'2, 514 (19[)1) , 

ellb 

.... 
:> z » 
'TO 

.... 
:I: 
m 
;lI:I 

3: 
o 
n 
:I: 
m 
~ 
n » ,... 
.... 
» 
0lI ..... m 
11\ 

-0 
"-I 
VI 

11\ 
c: 
." 
." .-
11'1 

3: 
m z .... 

...... 
(..:I 



~ ... 
:r 

"< 
!" 
n Lead Dichloride (PbC 1

2
) :r .. 

~ ( I dea I Gas) GFW = 278.096 
~ .. 
:"" 
C .----gibbs/mol---_ ---kcaJ/mol 
D 

? T, OJ( CpO " -(G Q -H":1iIII'}(f H"-HoU8 uHF uGr' log Kp 

< 0 ~ 000 eDOQ INF{NITE - 3.355 - 41.117 - 41.117 INFINIiE 

100 10.608 6Z~ 615 86 .. 970 - 2.43') - 41 ~ 31b - 42 ~ 183 92 .. 190 

~ 200 12.497 70.646 Uh975 - 1.26t - 101.476 - 42.979 46.966 

29. 13.189 75.767 75 .. 786 .000 - ltl .. 6CO - 43.b9l >Z .. 02b 

,""" 300 D.197 15~8b8 75.787 .024 - 41.603 - 43.7C4 31 .. eBB 

Z 400 13 .. 490 79.710 76.309 1.361 - 41 .. 748 - "'4 .. 383 24.250 

!' 500 l3 .. 615 82.738 77 .. 302 2.718 - 41 .. 917 - 45 .. 023 19~6aO 

.00 n.717 85.231 78.422 4.086 - 42.106 - 45 .. 626 16.6l9 
"100 13.767 87.350 79.550 5 .. 460 - 43.482 - "beOO6 14.36'0 

-0 800 n.800~ 89.191 80.043 6.536 - 43.711 - 46 .. 351 12 .. 663 

'I 900 13 .. 823 90.811 81 .. 684 8.220 - 43.933 - 4b.6b1 11 .. 332 

'" 
1000 13.839 92.275 82.672 9 .. 603 - 'tit. ISO - 46.960 10.263 

1100 13,,85l q3~ 594 a3~ 60b LO .. 987 - 44.362 - 4L231 9 .. 384 
1200 13~Sbl 94~800 84 .. 489 12.373 - 44 .. 567 - 47.482 8~648 
1300- -- T,-.-a-68 - ---9 5~ 91 0- --- -8-5-.. -325 - -- -13 ~ 759-- - ---- -44;769 - --::"---;'T.Y(i - --- --8.-022 
1400 13~ 87-4 960938 66 .. 119 150147 44 .. 970 - 47.937 1 ~483 
1500 13 .. 876 97.89'5 86~87Z 16.534 - 45.173 - 48.140 le014 

16CO 13 .. 882 96.191 81.589 17.922 - loS ~ 380 4B.331 0.602 
1700 13.885 qq.63~ 66.273 19.311 - 45 .. 589 - 48.507 6 .. 236 

18CO l3.888 100 .. 426 88.QZ7 20.69'9 - 45 .. £106 - 48 .. &75 5 .. 910 
1900 13.690 101 .. 171 89 .. 552 22.088 46 .. 027 - 48 .. 828 5 .. 616 
2000 13 .. 893 101.690 90. t'il 230471 - 46 .. 256 - 48.969 5.351 

2100 13 .. 894 102.568 90 .. 726 24 .. 867 - 88 .. 939 - 47 .. 541 4 .. 948 
2200 13 .. 896 103~214 ICH~279 26.256 - 89,,088 - 4~w 57"" 4 .. 527 
2300 l3.895 103~ 832 91.812 27,.,646 - 89.256 - 43 .. 591 4 .. 142 
2400 130900 104 .. 423 92.325 29 .. 036 - 89 .. 451 - 'o1.,bCl 3 .. 7BB 
<,500 13.902 101o~q91 92 .. 820 300426 - 8ge610 - 39 .. 004 3.4?2 

2600 13.'104 105 .. 536 91e299 31.81l: 69~ 9il - 37 .. 596 3.160 
2700 13.901 lO6~061 93.702 33.207 - 90.174 - )5.580 2.880 
2800 13.910 106.561 94 .. 210 34.'59a - 90 .. 462 - 33.5'51 2 .. 619 
2900 l3.91 '5 107 .. 055 9" .. 645 35 .. 969 - 90 .. 770 - 31 .. 51"" 2 .. 315 
3000 13.920 I 07~ 527 9'5 .. 066 37.381 - 91 .. 098 - 29 .. 465 2 .. 147 

3100 13.926 107.983 95.476 38 .. 71'3 - 91 .. 445 - 27.406 I .. CBZ 

3200 13.9'3) 108 .. 425 95.874 40.166 - 91 .. 810 - 2'5 .. 335 t.730 
noD L~ .. 942 1 08~ 654 96 .. 261 1ol .. 5S9 92 .. 190 - 23 .. 250 1 .. 540 
)400 13.951 109 .. 211 96.637 42.954 - 92 .. 582 - 21.153 1.3bO 
3500 13.963 109067'5 97,. 004 44.350 - 92 .. 967 - 19.050 1 .. 190 

3600 13 .. 976 11O~Ob9 'H .. 3bl 45 .. 741 93 .. 401 - 16.92<) 1.028 
H'JO D.991 110 .. 452 97.710 47.145 - 93 .. 824 - 14e 79'9 .874 
3800 14~OO7 110 .. 825 98.050 108.545 - 94.251 - 12.~58 ~ 728 
3900 l4.025 111.189 96.382 49.946 94.685 - to .. 504 ~ 5sq 
4000 14.045 llie 545 98.707 51e350 - 95.121 8.343 .456 

4100 14.068 ! II.an 99c024 52.7'56 - 9'.:1 e 558 6 .. 169 .329 
4200 14~ 092 1l2~ 2 31 99 .. 335 54~ 164 95 .. 996 3.983 • .207 
4300 14.117 il2 .. 563 '99.6)9 5'5.574 - 96~ 433 1.789 .091 
4400 14.145 11Z.8S8 99.936 56.987 96 .. 867 .423 - .. 021 
4500 14.115 113.206 100 .. 227 58.403 - 97.298 2 .. 634 .. 128 

4600 14.206 113.518 100.513 59.822 - 97.724 4.862 - .231 
4100 14.239 113.82 ... 100.793 61.244 - 98 .. 1105 1.095 - .. 330 
4800 14.274 114.]24 101 e068 61.670 - 9B.560 9.340 - .425 
4900 14.311 114.419 101 .. 337 64 .. 099 - 96 .. 969 11 ~ 592 - .. 517 
5000 14. ,49 114~ 108 101 .. 602 &5 .. 532 - 99 .. 370 13~850 - .605 

S100 14.389 1l4.993 101.861 66.'96Q - 99 ~ 763 1(,.. t22 - .691 
')200 14 .. 430 115.272 1020117 68.410 - 100 .. 148 18 .... 00 - 0773 
5300 14.472 115.548 102. ,67 69.855 - tOO.'.:o26 20.682 - .853 
5400 14."15 115.819 102.614 7l~ 304 - 100 .. 896 22.972 - .930 
5500 110.560 116.0S5 102.656 12.758 101 .. 257 25&269 - 1 .. 004 

5600 14 .. 605 116.348 103.095 74.216 - 101.609 21 .. 512 - 1.076 
5700 14.651 116.601 103 6 330 750679 101e954- 29.876 - 1 .. 1"'6 
S600 14.698 116.862 103.561 17.147 - 102 .. 289 32.200 - Ie 213 
5900 14.745 117.U4 103.789 78 .. 619 - 102 .. 616 34 .. 517 - 1.279 
bODe 14.793 117.362 104.013 80 .. 096 - 102 .. 9)8 36.844 - 1..342 

March 31, 1962; June 30, 1973 

LEAD DICHLORIDE (PbC1
2

) 

Point Group:: C2v 
$298.15 ::: 75.8 :!: 0.7 gibbs/mol 

[lectI:oonic Levels and ~uantum '.{eights 

(IDEAL GAS) GFW= 278.096 

AHfO = -42.1 !: 0.3 keal/mol 

Iilif298.15 = -Lt1.6 '.: 0.3 kcalh:tol 

Vibrational Freguencies aJ'ld Degeneracies 

C IZPb 

State ~i' em gi :A
1 

------ ---
.)B

l 
[22000] 

IBI 31000 

Bond Distd.!lce: Pb-Cl = 2.4-6 0.02 A Bond Angle: CI-Pb-Cl 

Product of Moments of Inertia: JAJBIe::: 5.9023 x 10-113 g3 cmS 

Heat of Formation 

961:3" 

1 

~ 
329 (1) 

80 (1) 

307 (1) 

a " 2 

aHf~ of -111.6 :! 0.3 kCdl/mol is obtained from Mlfe(c) -::. _85.9 :!; 0.2 kcallrnol by a.ddition of t\H6 298 • The adopted value for 

aHs;9B is 4'1.3 :!; 0,1 kcal/mol and is based or. a third law analysis of six sets of vapor pressuN: da.ta (::' ~. g, ~, ~) for both 

the crystal and liquid. Results of our analysis of a 'total of eighteen sets of vp datd are given below. SeVen '1., I, .!. 2., !, l2.) 
g) of the remaining twelve sets yield aHr(g} valUes which are within 0.3 keal/mol of the adopted vdlue. Mass spectrometrlc 

studies (.!!) of the equilibrium vapo:::,s over the condensed phases indicdted that tht: predomina.'1t species is: the monomer. 

Temp. No. of l!Hs"(or v)~ kca1imol Drift Mlfi9BCPbC12' g) 

Invest~~ ]<.eaction Range K Po lots 2nd Law 3r'd Law ~ __ e_u _ kca.l/n:.ol 

Eastman and Duschak (1) A 673-748 
- 3 773-1223 

Wartenber-g .and Bosse (2J B 1043-1227 
Maier (3) - B 955-1256 
Volmer (Lt) A 708-766 

- E 783-865 
Greiner and Jellinek (5) B 1033;1043 
Niwa et al. (6) - A 553-733 
Tarasenkov and Kozhlr.yakov (7) B 953-1215 
Jahn-Held and Jellinek (8) - B 865-1272 
Bar-ton and Bloom (9) - B 950-1250 
Novilcov a,'-"ld Po1yachenok (10) B 931-115 11 
Bloom and Hastie (ll) - B 923 
George et al. (12)- B 821-1259 
Naryshkin et al:-(13) A 708-758 

- B 793-893 
George e't al. (lit) B 914-1249 
Bloom et: a1. (~) 3 1071 

2 
7 

" 18 
Equation 

4 

5~b 

l::quation 
1 

47.6 
'+2,5 
37,6 
39,8 
37,1 
'f4.3 
36.1 
49.0 
113.6 
38.9 
40. 9 
4l.0 

1;.5.lJ-l!0.21 
40 .93!:O .49 
1;.0.6hO,42 
110. 75~0.25 
LtlJ .3Lt'!O.S3 
ltO.69:!:0.30 
lJO.19~O.06 

"5.13!O.31 
40.91;.:!;O.69 
"0.50:!;O,SO 
40.67:!:O.04 
40.74:!.O.24 

40.70 
40. 73~O.21; 
1;2.93:!:O.37 
40.Z4!:1.14 
LtO.69~O.12 

1.<0.63 

-3.2!0.1 
-1.6t.0 .2 

2,61.:0.8 
0.8.!:0.3 
9.B'!:3.2 

_4 ,4tO, 7 
3.9 

-5.6:!:0.2 
-2.5!0.9 

1.6:!;0.5 
-0,2 

-0 .2!:O ,8 

0.8tO,l 
-3.0.!:6.8 
lO.6:!3.8 

0.5 

LtO.5:!.O.4 
Lt1.3:!:0.7 
41.hO.6 
41.5.!:0.4 
4}.6:!:O.7 
41.6:!;O.5 
1+2 .1'!:O.3 
40.a~0.5 

4L3~0.9 
41. 7!0. 7 
41.6.!O.3 
l<.1.5t.0.4 
41.6:!:O.3 
1;l.5:!:O.Lt 
1;3.0.t0.6 
42 .Otl. 2 
Lt1.6'tO .3 
LtL6~0.3 

Reactions: (A) PbC1
2

(c} ::: ?bC1
2

(g) (3) PbC1
2
{t) :: PbC1

2
{g) (U a and (7)b points rejected due to fililu~ of a statistical test. 

Heat Capacity and r.ntr'opy 

The bond length is taken from the electron diffraction s!:udy of Lister and Sutton (12). Electric deflection experiments hy 

Buchler et al. <li) showed that PbC1
2 
poss~ssed <i permanO;!nt dipole moment; thus, the molecule must have a. bent structure. Infrared 

studies (~) of' n:atrix isOld.ted PbC1
2 

have led to a value for the bond a,ngle of 96 ! 3- which we adopt. This value is based on the 

observed Cl isotopic splitting of the antisymmetricd1. stretching frequency (v
3
). The individual moments of ineI'1:ia are: 

I
A

:: 63.114 x 10- 39 ,1
3

'" 39.346 x 10- 39 , and IC:: 23.768 x 10- 39 g cm2 

The vibrational f!"equeneies a1"e from the rr"atrix infrared studies of Hastie et a1. (~). Both of the s'tl'etchilLg frequencies 

(Vi and vJl were obtierved in ma'trices of N
Z

' 11:::', ,md Ne. The adopted valUes are gas-phase frequencies which we!'e estimt!:ted by 

Ha.stie et al. (.!il) from their !:'latrix data. Other matrix infrared (20) and matrix Raman (21) studies have led to stretching 

frequencies which deviate by less thdn 30 cm- 1 from our adopt:ed val~s. Also, is in a;;eement: with the value of 314 cm-
l 

which 

was observed by Bt!attie and Perry (~) in d gas-phase Rama.n study of PbC1
2 

at The bending frequency (v 2 ) is sOlnewhat more 

u.ncertain than the stretch.ing frequencies. Hastie at 801. (±2} obsel"'ved a reldtively wed.k band at 80 cm-I when PbC1 2 ioICIS trapped in 

a n~on matrix dnd assigned this band to '.1
2

' Gas-phase (11) and ma:tt'i'X (31) Raman studies have indicated that v 2 lies much closer 

to 100 em-I. The gas-phase Raoan spectrum (.31) for PbC1
2 

was obtained in the presence of iL"'l excess of chlorine to suppress decom_ 

position and subsequent resonance f1uoN!scence. We prefer' the lower value (80 em-l) but assign dn uncertainty of ~20 cm-
1 

which 

corresponds to 0.5 eu in 8
298

, 

The grou."ld state is assumed to be IAI based on an analogy with those for other Group IV A dichlorides (ll). The upper lSI 

level at 31000 cm- l ioIaS observed by HaStie et d.l. (2l..). Also included is a triplet level (3 81 ) at 22000 em-I. The energy 

separatior. for the 1 31 -3 81 stiltes (9000 cm-I ) is assurwd to be similar to that o1)served for other Group IV t\ rlichlorides <'£1). 
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Lead Dichloride Unipositive [on (PbCI
Z

+) 

(Ideal Gas) GFVi ~ 278.0954 

T, OK 

o 
100 
20C 
;;>q8 

100 
400 

'00 

600 
700 
800 
"DO 

1000 

11 00 
1200 
1300 
l400 
t500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2%0 

2600 
2700 
2800 
2900 
3000 

'3100 
3200 
3300 
3400 
3500 

3600 
3100 
BOO 
3900 
4000 

4100 
4200 
4300 
( .... 00 
4500 

4600 
470'.) 

4800 
4900 
5000 

5100 
5700 
5300 
5400 
5SeD 

'5600 
5100 
S800 
5900 
6000 

-----~ibb~/mol---~ ---------kcal/mol--
Cp" Sa -(r.~-Ho2il~),rr HQ-H02901 .:).Hf' 

13~147 

13.1 :'5 
13.464 
U.61.8 

13.104 
13. rss 
11.793 
13.817 
13.8!.5 

13.8ac 

13.889 
13 .. fl91 

13 .. a93 
13.895 
13.1'191 
13. a9q 
13.901 

13.903 
13.905 
13.90a 
D.'HI 
13e914 

13.918 
13 .. 923 
\:L928 
13. q34 
13.940 

13.993 
14.00(, 
14 ~01b 
14.029 
14~ :::>42 

l't.055 
F,~069 

14. OSlo 
14.099 
i4.1l4 

14.130 
14s 146 
p •. 162 
14.119 
14.195 

14.2;'2 
14.22<,J 
14 .. 246 
14.263 
14. ZBQ 

76.113 

76.194 
eo .021 
83.049 

8';.5 .. 0 
87.657 
39.497 
91.123 
92.580 

93.8<)9 
95.104 
96.21" 
97.242 
98~ 199 

99.094 
~g .. q36 

100 .. 730 
10l .. 481 
102.193 

t02.a7l 
lO).'st7 
104.135 
104.726 
105.294 

lO::'~ 839 
1 06~364 
106 .. 81(1 
107 .. 358 
107~ 829 

108.236 
108.728 
109.1'>6 
10<:1.572 
lQq.976 

110 .. 369 
L 10 •• '31 
11l~123 

ill.486 
111.840 

112.185 
112.523 
112.8';2 
113.17" 
113.490 

113.H9 
114~lOI 
Ill •• :3'~8 
114.688 
tI4~q73 

11. 5~ 2 '53 
11 ':> .521 
11 5. 797 
1l6~ 062 
116.322 

116.579 
lib .. 830 
117 .. 017 
U74321 
117.561 

16.113 

76.113 
16.633 
17 .. 623 

76.143 
79.869 
80.960 
82.000 
82.961 

B3.no 
84.802 
B5 .. 633 
86.431 
810184 

87.900 
sas '584 
89.237 
89.862 
90",460 

91.0'35 
91.588 
92.120 
92.633 
'13.129 

93.607 
94.010 
94.518 
94.952 
95.374 

95.783 
96.181 
96.561 
96.94"0 
97 .. 310 

97 .. 668 
98.016 
98.3.56 
96.688 
99.0n 

99.330 
99 .. 640 
99.943 

100.240 
100.531 

1 OO~ 811:> 
101.096 
101. :nO 
101.639 
101.902 

102.162 
t02.(11) 
102.606 
102.911 
103.151 

103.390 
[03.624 
103.854 
104 .. 080 
104.303 

.ooe 

.0210 
1.357 
2c 712 

1 •• 01<:1 
5.4'52 
&.83C 
S.ZlO 
9. '593 

lO~977 

l2.302 
l3~ 1413 
15.l35 
t 6~ 52 3 

17 v 9l0 
19~ 299 
20~6B7 

22.076 
2 3~46!: 

2',.854 
Zt •• Z44 

71.633 
29.023 
30.413 

31.603 
33~ 194 
H~584 
35.Q15 
31.366 

)8.158 
40.150 
4\.543 
42.936 
44.329 

45.724 
41. 119 
4a.51 S 
49 .. ':)1 1 
51.309 

52.10a 
54. loa 
55.S0q 
56 .. 911 
'58.315 

5'0 .. 119 
61.126 
62.533 
~3~94} 

65~353 

6b~ 765 
t.8~ 119 
t.'1~ SqS 
71~ 012 
72~4]O 

B.S'51 
75.273 
76~696 

78~ 122 
79.54Q 

June 30. 1973 

195.100 

195.106 
195.454 
195c 780 

1960085 
195.206 
19'5.414 
195.147 
196.027 

196.312 
1968002 
196.8q7 
191.192 
197.487 

197.175 
198.063 
t'~8.343 
198.619 
t<:l8.887 

156.699 
157.048 
1570374 
1') 7 ~ 678 
151.956 

l'HI.?lL 
158.44'5 
1';84051 
1'58.842 
159.010 

i59.159 
159.290 
159.407 
159.5LO 
l59.S99 

!59~619 
1 S9. 750 
159.816 
159.874 
159.928 

lO;;QcQSl 

160.032 
160.083 
160.135 
11',0.188 

160.244 
1 60~ 30, 
160~ 366 
160 .. 4.31 
160.':109 

160.'588 
160.613 
160.703 
160 .. 858 
160.957 

161.065 
161d16 
\61 .. 2'13 
161.415 
16LS4L 

6.Gr tog Kp 

PH .424 140~ 318 

191,"01 - 13g e 436 
190.113 - l03.873 
18B.740 - 82.498 

LS7.304 
186.007 -
184.675 -
163.309 -
UH.9l2 

180.4B6 
179.035 
177.55t:J -
116.060 -
114.542 -

b8e 225 
'.ia~Q74 

50~4':i1 
(.4.514 
39 ~ 7 57 

1'5~ S5Q 
"32~ 601 
29. e50 
27.484 
25 c 4H 

173 .001 23.631 
171.446 - 22.041 
169.810 - 20~625 

168.282 - 19.357 
166.619 - 18.214 

1M.6n -
167.076 -
l67.52l:> -
It;1.q62 -
168.383 

16B.7<J5 -
169.PH -
169.'593 -
169. Cil7Q -
110.,61 

170.1'3S -
t71.106 -
111.475 -
In.84i -
172.199 

172.560 -
172.917 -
173.272 -
173.627 -
173.974 -

174.32S -
114.615 -
115.0Zl -
115.314 -
175.714 -

116 .. 061 -
176.403 -
176.747 
171 .. 068 -
L17.423 -

117.164 -
17B.102 -
178 .. 43'5 -
178.168 -
179 .. 098 -

179'.426 -
179.747 -
180 c OSI -
i8063t:J9 -
180 .. 118 -

11 ~ 340 
16.591 
15.'H9 
151 .. 295 
1'to 120 

l~. le8 
13 .. 696 
13 .. 237 
12.810 
12 .. 411 

12.037 
11 .. 686 
Il ~ 356 
U~046 
10 .. 753 

lO~476 

10 .. 214 
9~ 965 
9~nO 
9 c 506 

9.292 
9.0B9 
8. S96 
e .. 71 L 
8.5)4 

8~ 36'5 
B.203 
9.047 
1.899 
7.155 

7 .. 618 
1 .. 108S 
7e358 
7 .. 235 
7.117 

1 .. 002 
6.8'12 
6 .. 786 
('hoa2 
6.593 

LEAD DICHL01UDE UNIPOSITIV[ ION (PbC1
2 

<) (IDLAL GAS; 
+ 

Gni 0 278.09\4 CIZPb 
Point Group [C

2v 
J 

S298.15 :: [76.1 ~ 2.0J gibbs/lnol 

State 

2A1 

'3, l 20000 J 

[2J 

[11 

191>..1 :!: 12.0 kc:al/mol 

15 :: 19~.1 !: 12.0 kcal/mol 

Y_~~_r:'a 't iond 1 freq cJ.C ~~.J._~s and Deg_~!!.~rac i.£E. 
-1 

Bunt.! Distance: Pb-Cl [2.30J A 

Bond Antt;le; CI-Pb-Cl -= L1l6)Q 

~ 

l 300 J (1) 

[100 J (1) 

(JSO J (1) 

Product of Homl'nt.o; of Inertia' IA1SIC" [3.3791 Yo 10-113 ] g\:r3 5 

l!edt of formdtion 

10.3 :":. :p~;~~a:~: ~~~:n:i~~, (~~; . fO:d::~~ 2 :, f:~': :;~':~:~ e~;:d b:~: ~::::m~~e~o;d~:c::;~ t:~~:: c~~:~ ':'a::. (~:, "~:'~~;'~d ' w: ~~ ~!~: 
sensitive equipment. Subsequent rne.:;.surements by Ha.stie and Swing,ler <.~) c()nfirm "the lolo'<.::r' :'e!;ult. They reported a.n ::"onization 

efLl.clency curV<l Fc,r PtC- 2 ' from Io'h~ch we obtd.l.n AI' - ~O.O eV by 1:;11:' 11n"'<I.(> ext~dP")'d:'.LOn meth()d. 1';.1so, mo':'eclll<_r' orb .. tal 

calcula.tions by Hdstie und l-1argrave '..?) indicated an :ionization po"'tential for of 10.3 eV. '.~e adopt d mean value from 

(?, ~, dnd ±) of 10.2 !. 0.5 eV (235.2 kcallmol) for the pPQcess PbCI
2

(g) } e-.... (g) + 2,,- ~Jhich gives +, g) :::.194,1 

:!: 12.0 kcalllllol wheT' AI' is combined wit"h .!>IIf O(FbC1
2

, g) :.: -4l.1 ! 0.3 kca1irno1 (§). LlHf~ at 296 K is 195.1 

l:I~at C6.paci ty and [n'tropy 

n',e corpeldt.lon didgI'd..lT: of Welsh (:Z) prc.dict.3 a b<!nt confi[Clf'ation for PbCl?+, since the molecule h.J.s seVelLteen vd1ence 

e1ectr'ons. Also. Walsh (7) orecticted tha.t the RDE-.X .~n~lF! foT' a ~'''n_hvdT'-id~· AR_ molecule would deereds;":! ff.arkcdly in going from a 

17- to an 18- electron molecule. We. assume that the bond ...Ingle in 

(115°) is consistent with JPJ,'Af wnd angles for' 'the is()electronic 

clnct IC 13.03 1, X 

IA .:: 57.8 119 Yo 

(§). The udopted value 

bond leng th is 

frequenci0S are estima"ted by compdr.i<.on with those for SiC}:?, and ?bC1
2 

(.§). The ground st:<:;t:e 

calculations by Hdstie and Mdrgr'dve (~) 

separatLon in the energy range 1-2 eV. ~]e have 

by Ol.na108Y wi'th that for 

for the Gr'oup III A dihalid(~s 

included this stdte to be somewha"t greater than that for Ale1
2 

(15,000 em-I) 

(.§.), )3C1 2 (11)000 (.§.>, Ci.t 0 K is -3.32 kCdlimol. 
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Strontium Dich!oride (SrC1zl 

(Li id GFW·l 
--"-=-'-'-=-=-

CpO " -(C~-WUfl)/T W-H"21IS 

0 
lOa 
200 

'95 lS.Ob6 32.462 32.462 .000 192.484 - 182.'.)47 133. tHO 

300 18.083 32:.574 32.462 • 033 - 192~417 182.486- l32.941 
400 18 ~8':i 5 3/.888 33.182 1 ~ 883 - 192.ll7 - 119~20q 97.9l5 

'00 lQ.4)6 42.160 34.561" 3.798 - 191 0 753 - L76.023 76.940 

baa 19.995 45.1'52 36.131 :).769 - 19le3'i3 - 172.911 62.983 
700 20.693 48.684 37.739 7.802 - L'n.030 - 169.860 53.033 

800 21.700 51.708 39.311 9~ ':l18 - 190.641 - 166.863 45.585 

900 25.000 54.653 40.855 ll.4UI 190.114 - 163.9l6 39.804 

1000 25.000 51.l81 42. :J.6~ 140918 - l89.408 - 161.044 35.196 

1100 25.000 59.610 43.335 iI~ ~J.? ___ :_ J_'?.t!.~~~CJ - 158.131 31.418 
Tz-o-o--- -is:ooo ----bf.-S45-- -4"':24"'( 
1300 
1400 
1500 

1600 
1700 
UWO 
1900 
2000 

2100 
2200 
"99_ 
2400 
2500 

2600 
2100 
2800 
2900 
3000 

25.000 
256000 
25.00Q 

2'5.000 
2;.000 
2'>.000 
25.000 
25.000 

63.846 
0':1.699 
61.424 

69.037 
70 • .,53 
71.qE2 
13.333 
14.616 

46.60t 
47.900 
49.145 

50.33t1 
51.483 
52.583 
53.b39 
54.6?6 

2':.1.000 75. B35 55 0 636 
25.000 76.998 56~S81 

___ z~·_QQQ ___ Jil_oJJ_O ____ ~~!~~!_ 
25.000 79.174 58.31" 
2') .-000 80 .194 59~227 

25.000 
25.000 
20,.000 
25.000 
25.000 

81.175 
82.118 
83.027 
83.Q05 
84.152 

60~ 052 
60.852 
61.628 
62~ j81 
63.113 

19.9l8 - 189.869 :-1;5 -.Z-l -0- -- -- -ie~ 268 
22.<'16 
24.918 
21.418 

29.'118 
32~ ',18 
34.918 
37 .418 
39. Q18 

189.111 
- 188.355 

181.bOl 

186.649 
- ?.la.loU 
- 211.581 
- 2H)~493 

215.410 

- 152.352 
l'o9.553 

- 146.808 

- 14491 D 
- 140.55b 
- t35.995 
- 13t.49l 
- ll7.04b 

42.4l8 - 214.330 - L22.655 
44.918 - 213.257 - 118~.H5 

47.418 - 2.1'-.190 - 114_022 
-r,-<j.9lS---:,-zi-l-.-l-:fz--- -::'-[09.777 

'j2.418 - ZtO.OOb - l05.510 

54.918 
51.418 
59.918 
62~ 418 
64.913 

209.051 
- 208.033 
- 201.033 
- 7.06.05 .. 
- 2iJ~.09!:l 

25.613 
23.346 
2l~ 3'90 

19.685 

13.863 

12. 76~ 
H.IS4 
1 o~ 835 
-9-:9-97 
9 • .229 

f.I.525 
7.875 
7.275 
6.720 
6.201 

Dec. 31. }:;i2 __ 

STRONTT~Jl1 DICHLO]{IDE (SrC1
2

) C"-.. IQUID) GF'd' 158.526 C IZSr 

S;98.]5 ;:. 32.462 gibbs/mol !..J:-lf 2'JB 15 -192.484 kcal/nol 

Trn ':: lllr7 1 K uErn~ 3.877 0.15 kcallrllol 

Tb 2331 .:J1V~ 59.31 keal/mol 

LL£a"t of ForlTlatiol' 

UHf
C 

is calculat'ed from trlat of the crystal by <:!ddition of ["}L"I'0 una the diiference in (llilll7- bet';.leen 

crysta.] and liquid. ;\n independent vdluc of 6Hf" for li.quid (and cl"ystal) l!1ay be derived from data (1) 

for ed(O 4- SrC1
2

(e) -. Sdn 4- CaC1
2
(t) at 1273 K. OUT' third-law analysis yields tJlr"'098.1S K) " 6.~ ! 1.3 kCu1/l:'lol 

or Mlf~(.e) :: -i91.5 !: 1.5 .l<:C<11/mol and li.Hf~(c:) -197.2!; 1.5 kca,l/mol. :-his confirms the adopted values 45 oppoJ;;ed 

to "the more negative values (cf. SrC1
2

, c). 

~]_~9-_";: Capacity and LT'trop¥ 

rhe constant Cpo of 25.0 gibbs/mol is a. corr.prol'flis<~ chosen by compdri::on .. lith and Out' f:tts of the 

en'tnaJpy dat.i1 yield 26.S q) and 23.5 (.:~) eibbs!mol; the adopted value is roughly the value 26,7 gibbs/rtlol 

WdS <1150 reported (.:). Deviations from our adopted functicns are !:O.3:'; (X, 1154-L204 X), 4-1.1 to -1.7t, <l, 1152-1797 X) 

a.'"1cl -·1.1 ~o -O.2~ (~, equati.on, 1148-12S7 K). Cp~ i.s ta.]~en. equal to "t:la.t of the crys"tcil frem 298 to 800 K, the a55\J7J1ed 

e1ass tr'ansl"tlon. s~ lS calcu.!.ated in a 11'anncr clnalogol..ls to that of ~lf<). 

~~t-ir:£ lhltcl 

TI1l is selected fron: Hu6 <.~), 1147 .!. 2 <]) and 1148 r.: (.:) report!?d in the cn"t:-tdlpy 5"tudies. is obta':'ned fr'om 

thE' (jiff,~~nce in the adopted er.thalpy fits for -'-iquid and ;3-p!1a:3cs. Published -,ralues include 3 8S (?, ~.J, 3.88 (~); 

3.65 .!. 0.17 (~) and 3.72 kcal/mol (~), -::he last: val'J(~ ohtained by dynamic differen-cial calorime"try. 

Vaporizat i~_'!. __ I].?_!~ 

T!) is calculated as t:he temp<1rature df" which 6Gr
o 

0 for SrC1
2

Ct) -.. SrC1
2

{p,). i1JvQ is c"J.lculated as t:he 

corn'!sponding lJ.!kQ. 
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Strontium Dichloride (SrCI2) 
I Ga9Igf~~5li2~6L-______________________ -, 

T, ~K 

o 
'DO 
'DO 
,98 

'DO 
400 
500 

600 
700 
,o0 
900 

1000 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
laoo 
1900 
2000 

2100 
2200 
":300 
2400-
2500 

2600 
2700 
2800 
2900 
;;1000 

310'0 
32.00 
3300 
3400 
3500 

3600 
3700 
3800 
3900 
4000 

4,00 
4200 
4300 
4400 
""~oo 

4600 
4700 
4800 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

5600 
5100 
5aoo 
5'ilOO 
6000 

____ Ribbs/mol ~~~~--~ 
_____ kcal/mol ____ · 

CpO 

.000 
118021 
12& 15J 
13~330 

13.337 
13 .515 
13.692 

13.157 
13.791 
13.823 
13.841 
13.854 

13.864 
lJ.B71 
13.arr 
13 .. 881 
13.1}85 

13 .. 888 
IJ~891 

1 "i.8'1l3 
13 .. 695 
13cS 96 

13. a97 
13.899 
13 .. 899 
-1-3-,.-90-0--

13 .. 901 

13 .. 902 
13 .. 902 
I. 3~ 903 
13 .. 903 
l'h9Q4 

13 .. 904 
13~ 905 
13.905 
13 ~905 
13 .. 'il06 

13.906 
13.906 
13~ 906 
13 .. 906 
13.907 

13 .. 901 
13.901 
l3 .. 907 
13.907 
13 0 901 

13 .. 901 
13.908 
13.908 
13 .. '108 
13.908 

13. 'lOS 
13 .9C8 
13.908 
13 .. 90B 
13.908 

13.g08 
13.908 
13 .. 908 
13.909 
13.909 

so -(G~-H"29B)/T 

.000 
62 .. 088 
lO~362 

75 .. 580 

75 .. 662 
79 .. 536 
82.579 

85.082 
87.205 
8'":l~ 050 
90~b79 

92e 138 

93~459 
94 .. 665 
95.776 
Q6 .. B04 
97~ 762 

98.659 
99.501 

100.295 
101.0.,6 
101.1':19 

INf IN! TE 
86.910 
76 .. 184 
75.580 

75.580 
7th 106 
71 .. 108 

78 .. 234 
N.368 
SO ... 65 
81.511 
82.502 

63.439 
84.325 
85. l64 
85.-:159 
abe 114 

87.433 
88 .. 1 t9 
88.173 
89.399 
90.000 

HO-H~298 

- 3 .. 453 
- 2 .. 4B8 
- 1 .. 265 

.. 000 

.025 
1 .. 312 
2 .. 736 

4~ 106 
5~486 
6 .. 867 
8.251 
9.635 

11.021 
12.408 
13 .. 195 
15.183 
16.572 

l7.960 
! 9~ 349 
20.739 
22.128 
23.517 

ll.Hr ~Gf" 

- U2~ 839 
- 112~ 890 
- In .. 003 
- 113 .. 100 

- 1 L 3 ~ 102 
- 113~244 

- 113 .. 432 

- 113 .. 671 
11.3 .. 962 

- 114~31.5 

1l"'~S96 
- 115.308 

- 117 .. 6"'3 
- 11 7 ~ 996 
- 118.351 
- 118 .. 701 
- 119 .. 0b4 

- 119."t24 
- 152 .. ,56 
- 1.52 .. 377 
- 1 ~2 .400 
- 152.428 

- 112.839 
- 113.984 
- 1.15 .. 044 
- 116.019 

- 116.037 
- 116.996 
- 117.912 

- BS.786 
- 119*017 
- 120.403 
- 121.123 
- 121~ 794 

- 122.312 
- 122.721 
- 123 .. 100 

123.452 
- 123.779 

- 124 .. 081 
- 123 .. 455 
- 121.755 
- l20.051 
- 116.349 

1.02.437 90.576 24 .. 907 - l52 .... S8 - 116.64~ 

l03.0e3 91..130 26~ 2'1l7 - l52."95 - 11"'.939 

-}~t~~~---- ~-~-:-~-~t---- -~t g~~---:=- -:{-~-:-~-~j ---~ -f fi!t~g--
104.860 92 .. 613 30~467 - I5l.t54 - 109~S08 

105.405 
105.930 
106 .. 435 
lObe 923 
107.395 

107.8'51 
108.292 
108.720 
109.135 
109.538 

109 .. 930 
110 .. 3[1 
110.682 
Ll L .. 043 
111 .. 395 

111,,736 
112 .. 014-
112~40 1 
112.721 
113 .. 033 

113 .. 339 
113 .. 638 
113 .. 931 
lHoU 7 
114~498 

H4.714 
115 .. 044 
115 .. 309 
115.569 
115.824 

116 .. 075 
116 .. 321 
116 .. 561 
116 .. 600 
ll1.034 

93.152 
93~616 

94~ 065-
91t.500 
94 ~922 

95 0 332: 
95.730 
96~ 117 
96.49it 
96 .. 861 

c;1.218 
9"10561 
'31 .. 907 
98 .. 240 
96.564 

98.8al 
99.191 
99 .. 495 
99.792 

100 .. 083 

100.36.7 
100 .. 647 
100.920 
101 .. 189 
101.452 

101 e 711 
101 .. 96~ 
102.214 
102.0.59 
102.699 

l02~936 

103 .. 169 
103 .. 397 
103.623 
103 .. 844 

31.857 
33.247 
34 .. 638 
36 .. 02 8 
31,,418 

38 .. 809 
40~19g 

41.590 
42.9130 
44 .. 371 

45 .. 761 
41.152 
48.542 
49.933 
51.324 

52.714 
54.105 
55.496 
56.8S6 
~8.277 

59.6b8 
61·059 
62.449 
b3~ 840 
65~ 231 

66.622 
68.013 
69~403 

70.794 
72~185 

73 .. 576 
74.967 
16 .. 358 
77.748 
79 .. 139 

• 31. 197 

- 152.129 
152~ 821 

- 152 .. 930 
- 153.061 
- 153.215 

- 153 .. 394 
- 153.604 
- 153 .. 844 
- 1540.119 
- 154.4~O 

- 154 .. 780 
- l55.16'i1 
- 155.601 
- 156.076 
- 1'56.596 

- 157~160 
- 157 .. 769 
- 158.422 
- 159.120 
- 1,)9~861 

- 160.643 
- 161 .. 466 
- 162 .. 329 
- 163 .. 228 
- 164.160 

- 165 ~125 
- 166.120 
- 161~144 

- 168~192 
- 169.263 

- 170 .. 353 
- 171 .. '162 
- 112.585 
- t 73.123 
- 11'4.811 

- 108.092 
- 106.314 
- 104.650 

l02~<126 
- 101.195 

- 9q~451 

- 97.H5 
- 9:' .964 

"4.205 
- 92 .. 441 

- 90.663 
- S8.876 
- 87 .. 080 
- 85e 210 
- 83044 8 

61.613 
- 79.765 
- 17.':100 
- 76 .. 016 
- 74.1,22 

- 12.207 
- 70.274 
- 68.326 
- 66.3513 
- 64.313 

- <&2.36-5 
- bO~340 
- 58 .. 298 
- 50. .235 
- 54.150 

- 52 ~049 
- "9~ 930 
- 47 .. 78'4 
- 45~625 

- 43 .. 442 

Log Kp 

INFINITE 
249.112 
125. H4 
85.044 

S4.533 
63.923 
51.53<:1 

43 .. 268 
37 .. 346 
32.892 
29~413 

26 .. 6\8 

24 .. 301 
22.350 
20 .. 6Q5 
lq~ 212 
18 .. O~5 

16.949 
l~.a71 

l"h 783 
13.609 
12.933 

12~ IJf,l 
11 e418 
10 .. 75':1 
1;},,-155 

'1& 5<;;9 

9.086 
80610 
SeIbEl 
7.157 
7.312 

I ~ 0 12 
6" 6Ft 
6 .. 355 
6.0'35 
5.712 

5 .. 504 
'S .. 250 
50008 
4.77B 
4.559 

4.350 
4 .. 151 
3 .. 959 
3.776 
3.600 

3,,431 
3 .. 268 
3 .. 111 
2 .. 960 
2.814 

2 .. 673 
2 .. 536 
2 .. 404 
l.276 
2 .. 1')2 

2.031 
1 .. 'il14 
1.801 
1 .. 690 
l~ 582 

STRONTIUM DICHLORIDE (Sr{;1
2

) 

Point Group C2v 

(IDEAL GAS) GFW 0 158.526 C I 2Sr 
uHfO = -112.84 :!: 1.5 kcal/1OO1 

S298,15 -= 75.58 :!: 1.2 gibbsJrnol 

GrQund Statt! QU<in'tum weight = 1 

6Hf298.15 = -113,1 :!: 1,5 kcal/mol 

Vibrationdl t"requencies and Degeneracies 

Bond Dist:<ince: Sr-Cl = 2.67 ~ 0.03 A 

Bond Angle: CI-Sr-Cl '" 120· '!: 20~ 

~cm-l 

270 (1) 

-1 
~ 

44 (l) 

Product of the l'!oments of Inertid: IAI3IC = 5.4!123 x 10-113 g3 cm 6 

HeaF_~£ Formation 

-1 
~~ 

300 (U 

6Hf"U98.15 K) is calculated from .iJHf·{c) by .;!.dditicn of M!s~ = 85.0 :": 1.5 kcal/mol derived by third-law ana.lysis of 'the 

vilpor-pr'8SSUre equation of Hildenbrand et a1. (l, 1). The equation (:!.J surnmarLzed five torsion-effusion runB (102 l..otdl p0ints) 

and is reasonably consistent' with three boiling pressures in the IlIITIHg ra.nge me.:tslired by f\ovikov (~). Ef fusion studies (~-Z) yield 

lower' va.lues of Mis·, but that of Loehmdn et <11. (~).is consistent with the adopt~d value. LilngmLlir data (§) suggest that the 

sub1imdtion coefficien1: is 0.3 !: 0.2. i::qllilibria derived from flame studies (§., §) and mass-spectrometric effusion (lQ) confirm 

the .adopted aRf· Vjd independent paths (cf. below), Mas~ Spi~ctrci (li) a.t 1220 J< showed that the saturated vapor consis1:s 

predominantly of SpCl
2 

wi tl1 consiclerably less than 1 ~ 0:' climer. 

Source 

(1, ~) Hildenbrand (1965) 

(~) Novikov (1964) 

(~) Novikov (1970) 

<.§.) Naryshkin (1968) 

(§) Lachman (1965) 

(E) Loehman (1965) 

(2.) Van Wcstenburg (1964) 

(i!) Schofield (1<.171) 

(~) Ryabova (1971) 

<1:2) Hildenbrand (1.970) 

11e"thod 

Tc..rsion eff1,lsion b 

boiling Point 

Totcl1. [ffusionb 

Effusion b 

Effusion 

L.:mZIllui!'c 

}!ass spec. Kpe 

a 6S = ilS"'Und Law) _ lIS"Ord La,,,.). 

Range T, K 

1220-1425 

1620-1710 

1337-1422 

893-1141 

1195-1307 

968-1119 

1175-1287 

'~213l.,\-2350 

1813-2209 

1551 

I~Hs" (298.15 K). kcal/mol 
2nd L3.~ 3rd L1:IW 

8 1 •• 0 

75.B:t9.4 

75.2 

75.6 

82.9!3.9 

78. 7 ~3 . 6 

90.31;0.5 

-9 .l~3 . .,d 

9.0·2Sd 

85.00 

S 5.5? ~ 0 • 7 

82.3 

79.0 

84. 2~0. 7 

86. 3~1. 5 

92 .8.:!:O. 2 

_ 1. 6'!:0. 8 d 

_ 2 .O!7. 2ct 

3. 'Ie 

6S d 

gibbs/mol 

-O.S 

-5 • 8.:!: 5 .6 

-5.1 

-2.3 

-1.0.:!:3.1 

_7.t.!:3.5 

-2 .O~O.4 

-3.3rl.b 

5.S.:!:l'? 

b Pressure!'> 0btained from an equation. 

C Assurr.ing a. sublimation coefficient of 1.Oj agrt,ernent with (.!) r-equires a = 0.5, 

d i\Jh:>b for ::ire:;;) .. 2 HCUg) "" SrCI
2

(g) + ?H(g). e M1r~ for Sr(g) ... CaC1
2

(g) ::; SrCl
2

{g) .. C,:J(g). 

Hea"!: Capacity and En"tropy 

lIHC098.15 K) 
Kcal/mal 

-113.1 

-112.6 

-113,9 

-111. 8 

-110,7.:!:2 

-lll.I.:!:7 

-112.7:t2 

Vibra1.ions and \1
3 

are "the values quoted by Hi}denbra.nd ()J2) dnd derived from IR spectra of molecules in matrix 

isolu:tion (1]). bending mode was observed (ll). Hast~c..:!t al. (1::.> fu.l.::'ed to observe \1 2 bLlt est~mi1ted a h~gher va.lue of 

60 IS em-I. Agreement: is better for VI = 269 (~, .:!:l) or 274 cm-1 (~) and for v3 ::: 300 t 7 (g, gas), 300 (~, Q) or 307 

(12). We adopt u r-ounded valUe of 270 cCl- l for' \;1. 

[lond leng1:h is from eas-pha.se electron diffraction (l:.§) which 0.130 gave the bond angle 180" ! 30·. Later o;tudiE<s (~1) of 

electric deflect.ion of molecular heam!; revealed a permanent electric dipole moment, ledding to the conclusion that SrC1 2 is b(!nt. 

The matrix spectra (~, !~) were first interpreted to give an a..'1g1e of 15S· but reanalySis (11' gave the dngle 112~, calculated 

fr>OID the three obser'ved fundamentals. An angle of 130· .!: g~ wa.s deTived by Hastie et al. 'E) from the Cl_isotope splitting of 

v
3

• We adopt dn intermedia.te Value of 120" :!: 20~. S" would .change by -+0.) gibbs/mol for 112* and -1.3 gibbs/1OO1 for ISS·, 

The singlet ground state is, tak.en by analogy with BaC1
2

(g). ?rincipdl moments of .i.nert.i.a dre IA = 11.50 x 10-
39 

13 = 62.95 x 10-39 

and IC '" "/4.55 x 10-39 g cm2 

D. L. Hildenbrand, E. l1u!'ad, N. D. Potter, 
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T. h 

o 
10.1 
?DO 
,'if' 

300 
4')() 

SOO 

H)O 
SO? 
'l0J 

10J,) 

1 JO~ 
1201 
1100 
!l,',() 

1 ':>00 

11,00 
170J 
I noo 
1'100 
?000 

no 
00 
OJ 
00 

::'6J() 
? 700 
Z80:) 
?>l(l'l 
300e; 

~ 1 ')0 
)200 
:nO;; 
~l, ,)(1 

3)00 

,600 
\100 
H!OO 
~ ':jO'1 

400'.) 

41no 
420:) 

<'308 
4400 
'-'5:)J 

460") 
470J 

"800 

SOQ,) 

51JO 
'>?Ju 
5300 
"it-oo 
0;<;0(1 

')1-,00 
57,)) 
:,RO() 
~)9 [1~ 

DJO,) 

'" rhl~',idp lC~CI 

s 

J.:ihh .. /mnl _____ k.(':dl/nlol_,~ 

Cp -(t; -1I'.t!,"1([ H -Ii 19" .lHr .l(;r 

.000 
11.61 J 
I',.RO') 
1)1.72] 

!R.2'>? 

1'" 
I 

)'),Olt! 
;>'j.109 
ZO.tZ! 
20.12<:1 
10.177 

lO.I27 
? 0 • 1 ~ Z 
2f1.1"O 
/0.1<;2 
.~(). 1 f.. 6 

lO.I1'l1 
;>0.11f' 

JO./.4" 

2n.2"''' 
10.210 
lO.lj<, 
JiJ.'10r; 
II).\)) 

21.31'> 
?J.346 

20.356 
2:).):'b 
20.j7'. 

n. :>,Il? 
,'0. )i}') 
10.;19<; 
ZO.l,'10 
10.:'0<' 

1'1.40A 

IO."l! 
10.411 
'''J.41ft 
211. '>l <; 

?O.4lf, 

2J.<'\<; 
11. 1.1'. 
20.',11. 

10. 1.\0 
lO.lo0g 
?,).'.ll6 
2).4,J3 
7.1.<.00 

/0.346 
<'<) • 3-4 ~ 
lO.JIl'J 

20. ~ fl ':> 

"'D. lin 

• COO 

1',3.1101 
n.on 
7e;. P.')O 

';P.777 

'13.<.,(1 
"''''.50/, 
'J~. 19 j 

101.S", 
101.'J..j<. 

110.<'')') 
111.:--4'1 

'.,"1 
:1':; 

l[6.!>? .. 

11 r .61:>'! 

! I ~. 6 5r
Jl).';'1' 
12'1." Q <; 
1 7 1 •. ~ ,)<1 

112.1'\'1 

1').<)tl .... 
lZ J. 7~3 

125. 

26.5('7 
27.214 
2.1.f.42 
2cl.4'in 
29.042 

~ 'I. & I r 
3J.17/. 
30.7?:) 
31.? 51 
H. 7~7 

"??71 
32.763 
33.244 
1L 71 ~ 

34.172 

34.611 
3':>.0<;·; 
3:;.4'11:) 

35. <11 0 
"16.'122 

IH.72b 
In.lll 
lH.?lJ 
117.991 
13'3. ?I,~ 

1~;: J;, 1 T!' 
'J4.l>15 
11 l.4,) 1 
lCJ.H"iO 

79.11')(1 

I:I;).')IlZ 

ftl.Q')7 

WI. 100<. 
B5.n2 
"lb. I'l 1 :
"l8.323 
~ 9. ·r ~ ') 

'11.10'1 
<"12. ·\n! 
'H.bO? 
94.756 
."..,\';>0 

'<6.8<)1 
"p.8-1<' 
'"'ft.8"l 
QQ.·f4!) 

I'JO.611 

I. 
,0"\.710 
!'J4,4'10 

fl".IWh 
Ll'i.ilbO 
06.51;> 
07.1<.,4 
07.758 

IOP.)':>4 
105.9)4 
\09.491 

J 10.046 
110.'>"l0 

111. Jill 

IIZ.I'I', 
112.'),)'1 
1 t 1.062 

113.524 
II ~. ') 76 
114.':'19 
114.11:.2 
115. Zrt> 

115.""2 
1 I ~. (")99 
116.499 
Itf,.>1'!1 
111. J7,) 

1 I 7. 65 ~ 

I 
I 
1113.745 
Ilg.O':l7 

?O. HI- 13'1.6"33 '1. '-<02 
I~" .n~n Q.7';.: 
139.347 0.1 J6 

70. 16 \ 13 q. 109 ~ O. ';'1, ') 
7.) • ,,',1'1 140 • 0 ~ a I lJ. 70 q 

3.<1'/'1 
}.Of,11 

- 1.1,11'" 
.:JOO 

.0.14 
l.q;;·i 
~. F 118 

38.669 
~fl. -106 
")9.068 
19.IGO 

)<1.100 
\9.011) 
j9.0jc; 

'). f! ".4 ,9.036 
1.1\<12 - 't).073 
"1.904 39.250 

11. '11 7 '<).)7) 

13.':17<; ,9.'153 

;c:; .301 
40.llf' 

I g. '~6 '1 40 • ')63 
71.9<1) 4l.13! 
73.9S9 41.472 

21'l. 01 t - 41. (.:. 7 
2B.03 ~ 41. 94ft 
Hl.O')r, 41>.J,<j 
:.>.;>.J78 46 .... 51 
3 .... 10? 1,6. (l,q 

~ 6. 1 ) f' I.., • 01:'.4 
3R.l:>5 
4Cold" 47.7J'1 
42.21" <oR.O''! 
',4.141': 4.1. 3f,J 

4?-.~· Fi 

411.'H'I 

SO.3i,1:J 
'>2.384 
')4.421 

'5".4'><; 
')11.{,9R 

60.537 
6!..5T7 
':4.617 

'1.>.('57 
6tl.b9f;! 
7C.73S 
7,J, ·r ~ I 
7.:..fl27 

1!";>.fl64 
18.<10', 
eO.9<"'} 

R2 ." "I ~ 
B'..>.:J3C 

eLon 
P.'1.112 

9.113 

" .n? 
10 • ~ ') I 
j.J .3"iO 
10 .42f 

lo$,."'i:l4 
4'1.010 
':'9.11-1 
49.1l70 

~O.[)W 

')0.31.4 ,g .:JO'· 
'',l.Rl4 
39.fl2', 
J'l. 'J<., , 

13°.rJ6f< 
119.1:197 
139.911 
j3q. 'H? 
1'.0.0<'<.) 

I<oJ.071 

140. )"'5 

\40.4 /,0 
1<' O. ~)4 
140.034 

\40.7':'L 
1 <o0.,~ ?<, 

\4{).'174 
1 <01.1 C2 
!4i .23" 
141 • ~ 7tl 
1<oI.S]f, 

107.4,,(- 141.;"RI 
1 0'1. '.l04 141. f<44 
II]'')''1 \(.7..J13 
11 I. <; 17 - 142.1 gf; 

11').!,[3 1'<2.F', 

38.&6'1 
~ I'! •. } 10 
,7.1)(.1 

- 3~. 934 

1f.9?1 
H·.l'j~ 

35 ... 1:14 

3':'. (74 
3.:..062 
n.3?l 
32.57'-1 
31.'1)7 

H.Oll 
- 30.aO 

29.37<-1 
- 2':1.4"..., 

2(''''''2 

26.1',46 
25.69;> 
24 • ...,5') 
2].4<;3 
22.216 

?l.dGl, 
1 '-I. (~d 
It<.4;Jtl 

11.21 I) 
- 1".11'/ 

14.61') 
13.?9') 

7. JIb 
' .• rof, 
1. ')1 <;. 
2.1,78 
;:, • 'l" ~ -

I 1. U ~O 
1).254 
19. 44 ~ 
?1.(")47 
;'7 •. j j1 

17.))7 
36.22. 
40.429 
44.635 

4'1.";1'-

'53 .... 

". 
61. ::> 

;:'''.7 
61:1. j 

!4.102 
76.1?J -
87."d? 
/:I;".H·I 
(,0.9')J 

'I'i.21h 

IO~. btl'; 
In7.)] a 
112.161 

CI" 

l't.n~ 

1"'.51·3 

12.666 
)J.h3? 

Q.l0') 
7.911 
6.'1')4 

~. I I;. Ii 

".504 4.9,,, 
4.44cl 

4.0J9 

~ .6<00 
'-30" 
Z.9"J'-

2.430 

2.1A6 
1.'162 

1.,:>,,7 
1.1'i.' 

1.2.:>"1 
t. J 16 

_'1J4 
.1<01 
.076 

" 00 
OJ 

" 70 

.f..7[ 

.'101 
1.119 
I. 

I.l.ll 
1.fH'i 

2.0"" 
2.217 
2.372 

2. 52~ 
2.667 
2.7'<i'l 
2."'19 
3.0<;') 

3.\7"> 
1.?'i? 
3 ... 0:. 
3.<;11 
3.»10 

3.71h 
j.dj 3 

l.Q07 

3.9"1') 
4.095 

li9~.sili:..-..m~ 

~(' fer('n~'::s, 

Che::;. 1i.§, 75 (:.952). 

~:,J')4 

, \ ~) 

, (0':1(1"',), a:td j 7-'1-7.l; 

'hr.:',rd;e < J. ~. (U~')) 

(ir. 

C I, 

a 

and qlJa~"!"urn ',,",ei gllt:; 

6-.n-7'1; ')iC1·
3

(.\':), 17-31-~":lj "Z'lI"3(f,1, 

C I 7 (,0 

.... 
1> 
Z 
1> -n 
.... 
:I: 
m 
:lei 

~ 
n 
:I: 
m 
3: 
n 
1> .... .... 
1> 
IlCI 

In 
.!" 

-0 ...... 
U'I 

Ion 
c: 
"'CI 
"'CI .... 
m 
3: 
m 
Z ..... 
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CD 
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C0balt Girh!0~ide, nimeric 1 j ) 

(fripal G'ls) G~-'I ),)9_G784 

T, oK 

o 
100 
zoo 
29' 

300 
400 
'500 

60' 
700 
.00 
qoc 

1000 

IlOO 
1200 
1300 
1400 
IS00 

1600 
1100 
lBO<1 
1900 
zooo 

2100 
2200 
nCiO 
2400 
2'>00 

2.,00 
2100 
2800 
2'l00 
1:)00 

3100 
3200 
BaD 
1400 
~500 

.Ho,Qn 

3100 
3300 
3QOO 
4000 

4100 
421)0 
4JClQ 
440Q 
4~()O 

4nOQ 
-'.700 
4~OO 

""qOD 
'5000 

'5100 
">ZOO 
.,)00 
'5400 
5')00 

5600 
')700 
531')0 
5900 
6000 

Cp' 

30 ~ 451 

30.411 
H.OIl. 
31 • ~09 

"H.')[') 

H.684 
3\.A31 
3t .<;"'59 
12.01>6 

32.1')5 
32.22:' 
32.218 
32. 

32.H3 

gibbs/nwl-

S' -(G~-W':l9l,tfT 

• COO 
7O.g95 
95.695 

107.620 lO"'.620 

lO7.~O~ 
110.6,</ 
I? J. 614 

129.341 
134.212 
138.453 
142.210 
14 ..... 0;. a 2 

1 /.8.&43 
1'51.444 
154.075 
1"6.41 Q 

1'53.h'>0 

IM.7HI 
162.700 
164 ,551 
166.301 
161.967 

169.542 
171.0 .. 8 
112 .... 87 

101.&21 
108.824 
11 1.1 I! 

113. bR6 
116.219 
lt8.1<fl 

Ul.415 
113.1 '>7 

134.811:> 

52.311 3 173.864 

142.084 
l"~. 366 
l44.601 
1 ... .,.1'12 
\46.942 ',2.360 175.11'1, 

1<'.3S7 
'2.3'56 
}l.V55 
32.3'i') 
}2.J57 

32.360 

32.H6 
,2.194 
32 .402 
3Z.411 
32.420 

32.4z a 

32.41'1 
3Z.449 
12.4<;<; 
32 .... "9 

32.47'9 
'2.489 

31.594 
~2. foOl 

176.454 
I1T.f:01, 
nFl-SS2 
119.987 
1 Al.0!3 .. 

lfI2.14'5 
183~1 n 
l.'j 4 ~ I to9 
IB'5.l35 
186.074 

IA9.519 
190.!o()0 

1<)1.200 
l'iI.9f12 
t92.74':> 
1<H.4'-!2 
194.221 

1 9 :'.935 
195~6n 

l'?6. 31 f:l 
19&~96.<j 

197.64'5 

\98.2119 
lQ8.920 
1<19. '540 
2000 )49 
200.11.6 

14~ .052 
1l,9.\rr 
l':iO~ 168 

1'52. 

1 '53.106 
1 ~4. 02<) 
1 ';.4.928 
15S.80Z 
156.654 

15<)."154 
J 60 ~t> 0 7 

161.'344 
167.064 
162.769 
16).459 
16 4~ 1 )4 

164~ 7q6 
165_4"'5 
166_0>!1 
16 6~ 7 05 
''';,7.317 

161. 918 
168_508 
16<;l.OH8 
16 q~ 6" 7 
170.2: 1 7 

ITO.76B 
171_ 309 
I 7I .841 
172.365 
nZ."131 

H"-H~29.R 

- 1.217 
- 5.663 
- 2.9H 

.000 

"Hr 
84.3'51 
84.43/ 

- 1)4.076 
83.800 

.1(;(' 

84.J.51 
- 82.TH 
- 81.184 
- 79.829 

.056 - 8'3.796 79.30'> 
3.134 83.60f> 7tl.506-
6.251 - 83.503 - 71.243 

- 83. I,B3 
- 51.S.H 

83.8-47 
! 8.919 134.03') 
22.120 84.3-30 

7S.331 
2fl.550 
314716 
35.00'5 
Ja.21Q 

"'1.'Q-4 
44.111 
4 1.94 8 
51.186 
54.424 

51.662 
60.~Q9 

6".136 
67 ~]7 3 
10.609 

8U, 

83.5'd 
Af1.787 

90.023 
Q)~ 2 59 
9i:.4<;i6 

'19.133 
102. 'HO 

106.20<; 
IC9.44fl 
It2.M1 
115.921' 
11 Q. 17e 

122 .412 
125.655 
128.900 
132.145 
1 ~ ') •. '192 

13B.639 
141.881 
145.131 
145.351 
1"1.6'3Ci 

164.6'D 
III (.<)OG 

171.166 
174.42-4 
l. 77.682 
1<,0.941 
11l4.201 

6".747 
65.3C4 
66.074 

- 87.1t7 
- 87.619 

- ~8. 120 
~a. 515 

- 96.690 
91.212 
<n.7/,0 

98.263 
98.803 
99,).1.(1 
9<1.881 

lQO.42 Q 

- LOO.Q79 

- 102.665 
103.237 

- 282.469 
- 2~2.400 

- 2132.335 
- 282.280 
- 282.233 
- 282.196 
- 282.170 

- 282.1?2 
- 2>!.2.14'i 
- 2d2.148 

- 282.2\9 
- 282.n" 
- 282."J21 
- 282.391 
- 232.470 

- 2B2.'557 
- ,!82.060 
- 282.774 
- 282.901 
- 28"3.03<) 

- 283. t 88 
- 283.J"2 
- 28L526 
- 28"3.7t5 
- 23J.917 

- 15.99'5 
- 74.745 

7j.t.'.)4 

- 72.142 
-roo BeA 

- 69.437 
68. 022 

- be) .553 
65.012 
61.414 

- 61.781 
- 1',0.119 

'HI.300 
- ')6.1-49 

5~.'H6 

40.407 
- 38.06'3 

3<;.704 
- 33. "325 
- 30."27 

2B.506 

7 • ..,A'l 
15. '~Zl -
2).982 -
,Z.O"'J -
40.09" -

4R.t54 
56.20E' 
64.2&3 
72.326 -
SO.H6 

68.4'\6 
<";6.491 

740 -

1 ')2 .945 -
Ibl.021 -

Ih9.092 -
171.t';,4 
H!5.2'.i3 
lQ3.331 -
201.42!. -

l)€:c, 3l, 197 J 

CI 4C0
2 

i.og Kp 

rNF 'I'> II E 
150.824 

ilij.7I4 
58.516 

'5<I.J38 
42.694 
33.763 

27.68l 
2 ~. "336 
20.06 { 
11.519 
1').47':> 

13.196 
12.388 
11.189 
10.149 

9.139 

8 .... 39 
1.72Q 
f .079 
6.45-9 
5.898 

5.36R 
4.921 
l •• 494 

~. 39" 
3.0fll 
2.167 
2.511 
2.253 

2.010 

.(.l7 

.941 
1. 379 

4.l0? 
.... 487 
4. -'60 

5.023 
'.2f'.> 

5.<;17 
.,. -''50 
5.974 
6.190 
6.39fl 

b.599 
6.793 
6.9'31 
1.161 
1.331 

COEt,LT DIC!ILORTDE, D1ME'ZIC (C0 2ClI.:) 

Point Cr'O\lV (D 7h 1 

(IDtAL (;';5) Of\< ~ 259."'" C I 4 CO 2 
-84.~ ~ 7.0 kcal/mol 

5;98".15 ~ [l87,G .!. I-I-.OJ eibbs/mCl] 

( 210) 

[(8'JL:] 

[ 10425] 

[llll'n) 

r 2117() 1 

L8) 

[8J 

Le) 

(8) 

[8; 

:: -83.8 ! 7.0 kcal!r"ol 

V Lbratj2.I!...~LI.I::~,-cie5 and ;Je"(>nC"!r'!<;:5_E!~l_ 

Bond Di_stanc-€!: Co-Cl = [2.09} A 

::-~: 
(~JJ (1) 

[ 75 J (]) 
[trFJ] (1) 

Bond :\ng1(~: Co-Cl'(bridge)-Co [9:)je el' 

Prod\lct :.f MOlT.eH"ts ot Inertia: lAl BtC 

Heat of "<"'orrnat"ion 

~1-_~ 

1 (1) 

[ 15') 1 (l) 

-I 
~ 

j?3 (1) 

[Ii.! 31(1) 

289 (U 

~ :<2 • .5 (l) 

el' (bri";gd-Co-Cl' (bridgE"J :: ( u = !.j 

Th" c ::::e ~::c::o:~:r~~m:;~~i:;c~~:'/:'l:a~~ f~:::~a ted t~~e P~:;, e:::T:~ t S;~~~n:~~::S o~:;e:~:': r' f ~~ ~::c:~ ;~rA~~~ s v~:~r i :ver 

be '.:roduced by "'Dle ioniza,ion cf the dimer molecules. Schoot):nak'2r ~t 0.1. (1) h-\ve cc'nbi.n€:d milSS sDectI"'dl datu with 

r'S'sult:;; of effusion vapor ?ress1Jre m,~dsuremeil"ts give p,Jrt;.aL '"If','ssures :'Ql~ 'the l'h)n08C!' and dimer Clt 817:<, T~Leo.1? results 

ana~yzed b , the tl"l.£:-u 101'''; rne'thoc! ",ith JANt,[' free e:-tergv :unctions to r:iyE' -B.93 kCcll!mol for t'he D!"ocess 

" Co ,~ll!(<:)' This r':'sul.t i.s ,--:orr.binf'd ~li."t" r:' 
d.dort. "":"t-:e :":Dcf'T".':!intv assigne0 "to -:7 Jl J.:ca:i Im01 and ~!'i:,e", mainly 

,\:1:- for 'the 

{" hridt,c-.pond !;truc~Urf! of syrrm1etry is Clssil\"ncd t(' ,,\ ~~.1\lLI!' s"~'iJcture has b?"en :n'o'}osed for 

jimeric'trdnsition dii',,11td2S The C0
2

C1
2 

ri:-lf'; svstem is ,lsstjmed to i"'~ ~;1u.arc d'!1d nIan<J!'. The 

"ll~,le es"tiTh:"l.t~d a~ 

leng~hs aT'e 

135°. The outer Co-·Cl bond le.np,t;ls are e3t'cmi\ted fr'o:n t;lat for C,.)el? (1), ",hile 

l'1rger. ·'.""h~ individudl moment'; of inertia <lre: T..A - 2.3232 x 

ring Co-C' 

~ B 2.] 383 x 

g) -83.3 

and othcc 

bond 

bond 

The three al"-served vibrational fY"(!quenci.E~i lHtrix-in!!"'arcJ ~tudy of Thompson and 

Carlson (~). ·.::'h8 rest :~f "!:he 

(1), Thc value foT' VIi! (lll3 

b-, com!).,risQ:-'. similar' Od.td for other di.m~ri.c molecules 

Leroi. 81: d1. (2) observed ,1. 81: L!22 in the infr~N'<l s!)cc"trum ga.'3o?QUS CoCl? fn:<lr 10,")'1 The band '.4'd3 assigrled to 

,):1 oute:r-bond <;lTC·t;::hing :·reqIF!Dcy or "the ,Eme\'. This interf}ret"t:i.on ar;rpes ·,.;i.t:h ollr d.(]c,pte(J results. The electronic level:;> and 

'iuantllm '..;eight:> a!""'e 2rbitrarily taken 8""i.u"l to those fo; -r':le monomer (1), 

R e :' c r'~!!£~l~ 

1-,. 

5. 
S. 
7. 
5. 
7. 

F1. 
11-
12. 
13. 
Ill. 

15. 
l". 
1"1. 
18. 

1 7- ~ 1 
811 ( 

12-31-6~ . 

,5-30-7rJ. 

CI 4 

(XI 
o 

n 
:I: 
l> 
VI 
m 
m 
-I 

l> 
r 



Lead Tetrachloride (PbCI
4

) 

(Ideal Gas) GFW· 349.012 

. - --gibbs/mol---~ kcal/mol------
T, "K Cpo S' -(G"'-Ho:rns}[r H~-H~29.11 6H(' t.G(, 

0 ~ooo .000 !I\IF (NITE . 5.604 - 131~600 131.600 
1 00 17.702 67.941 Ill.2JO - 4.328 - 132.139 - 129.023 
200 21.333 81.901 93.346 . 2~2eE 132a 153 1£5.878 
2.' 24.026 91.191 91.[91 .000 - HZ.OZB - 122.824 

3ao 24.046 91.340 ''H. 192 .044 - 132.025 - 122.761 
400 24.715 98.371 92.145 2.490 - 1.31.891 119.701 
.00 25. l39 103.943 93. QfJ,7 4.968 - 131.773 - 116.667 

baa 25.345 106.546 96 .. 024 7.513 - 131.676 - l13.655 
700 l':i.471 112. lob3 98.100 10.054 l32.760 - 110.468 
800 25.555 llS.810 100.113 12.606 132.102 - lOJ.288 
900 25.612 1.l8.884 102.034 15.164 - 132.637 - 104.11"-

1000 25.6~4 1.21.584 103.857 17.726 - 132.568 - 100.950 

t lOO 25. bB5 l24.031 105.581 20.295 - 132.494 - Q1.792 
1200 25. fOe 126.267 10 7. 213 22.864 132.415 - Q4.040 
1300 2'".{21 128.325 108.759 2'5.4H: - 132.333 - 91.496 
1 foOD 25.741 130.232 110.226 28.010 - 132.253 - 88.358 
1500 25. (53 132.009 lll.619 30.58', 132.174 · 85.224 

1600 25.7bJ 133.671 lU.946 33.160 - U2.102 - e2.097 
1700 25.1'11 135.233 1110.212 35.737 132.032 78.970 
1800 25~ 777 136~ 101 1i 5~4Z 1 36.314 131.970 · 7,).85"-
1900 25.783 138 9 100 11b.578 40.8'12 131.914 72.136 
lOOO 25e 788 139~423 111.688 43.411. - 13l.869 - 69 .. 623 

2100 25.7'-12 140~Ml 118.153 46.050 - 17', .278 - 64.961 
2200 25.796 141.881 119.177 48.62';; - 1740154 · 59.15'1 
2300 25.799 1'.3c028 120.763 51.209 - 174.05 .... - 54.559 
2400 25.802 144c 126 121.114 53. -'89 - L 73.976 49.365 
2500 25«804 145 .. 119 122.632 56.36'9 - 113.930 44~ 1 76 

2600 25. tl06 146.191 123.518 58.95C - 113.906 - 38.985 
2100 25.808 141.L65- 124.376 61.530 - 173.907 - 33.797 
2800 25. B1 0 148.104 125.207 04.111 - 173.936 - 28.605 
2900 25.812 149.010 126.012 60.692 - i 73.981 - 2"3.415 
3000 25.1:113 149.685 126.794 69.274 - t14.062 · 18.223 

llDO 25 .. 614 150.731 127.552 11.855 - 174.159 D.027 
3200 25 .. 8l5 151.551 128.28'9 74.437 - L 74~277 1~ 829 
'3300 25.817 152.345 129.006 77aOI B - 174.413 2.623 
3400 25.817 153.116 129.7010 19.6QC - 114.'5066 25586 
3500 2:5.81 e 153.804 130 .. 384 B2~ 182 - 174~136 1 ~ 795 

3600 25.819 15"'~592 L3l.Q46 a'>.7t>3 - 174~918 13.017 
3700 25.820 15!l.299 131&692 87.345 175~ 113 16.241 
3800 25.821 155.988 132.323 a9.927 - 175.316 23.'>67 
3900 25 ~ 821 156ao5S 132 5 938 92.510 - 175~530 28.704 
4000 2 5~ 822 157.312 133.539 95.092 - 175 .. 752 33.940 

4100 25.822 151.950 134 .. l2:7 97.614 175.978 39.183 
42'00 2'5.823 158.572 134.701 100.256 - 176.209 "'4.433 

~ 4300 
4400 

25.823 159.180 13S~ 264 102.838 - 176-.443 49.6B7 
25.624 159.773 135.814 105.421 IH •• 679 54.958 ... 4500 

::r 25.824 160.354 136.153 108.003 - L76.9ib 60.217 

-< 4600 .. 25.825 160.921 136.861 110.586 - 171.152 65.492 
4700 25.B25 161.477 131.398 11 3.168 - 117 c381 10.710 

n 4800 25~8ZS i62.020 137.'906 US.151 - l77.622 Uh052 
::r 4900 25.82b 162.553 138 ~403 118.333 177 .a54 BI~ 342 
II> 5000 

3 
25.826 163.075 1380691 120.916 - n8~083 66.629 

SlOO 25~ 82b 163.586 139.371 123.496 - 178.307 'H.9Jl 
:a :'200 25.826 1M.OB8 139.841 126.081 - 178.529 97.235 

~ 5300 
5400 

25.827 164 .. 580 140~303 128.664 - 118.H8 lO2~536 
25.827 165.062 140~757 131.24t - 178.963 101.8106 

C 5500 25.627 165.536 141.204 133.829 - In.l1S t13.161 
C 

5600 .? 5700 
25.627 16b.002 141.642 136.412 - 119.381 118.475 
25.828 166.459 142.074 lJd.9Gl5 - 17'11.SSt> 123.787 

< 5800 
5900 

2- 6000 

25.828 166.908 142.498 14l.577 - 179~785 129.124 
25.828 167.349 142.915 144.160 - 179.983 134 0 44 3 
25.828 167.783 14)~ 32& l46.143 - 180.178 139.776 

!'> 
z June 30, 1962; Dec. 31,1973 

!' 

-0 
'I 
U1 

C1
4

?b 

Log Kp 

T NF !~l fE 
281.980 
137.553 

qO.032' 

89.'.35 
.... 5.402 
50.995 

lo1.39<=! 
34.490 
29.310 
25.262 
22.063 

19.'129 
11.236 
15.362 
13.793 
12.4\ 7 

lI.214 
10.152 

9.210 
8.367 
7.b08 

6.761 
5.q37 
5.18"" 
4.495 
3.862 

3.217 
2.736 
2.233 
t.76'5o 
1.326 

.114 
- 5 \66 
- .487 

- .790 - 1.077 
- 1.350 
- 1.609 - 1.854 

- 2.089 - 2.312 
- 2.525 
- 2.no 
- 2.'::125 

- 3.1t2 
- 3.29l 

3~4b3 

- 3.628 
- 3.787 

- 3.940 
. 10.087 

4.228 
- 4.365 
- 4.491 

- 4.624 
- 4.146 

4. ebb 

- 4.980 
5.091 

LeAD TETRACHLORIDE (PbC1
4

) 

Ground :>tc:te Qu~ntum. Weight = [11 

PoirLt Croup = Td 

S298:.,,, :: [91.19 3.0) eiObs/mol 

(I~r:AL GAS) 

~ 
33] (Il 

90 (2) 

352 (3) 

103 (3) 

Bond Distdnce: Pb-Cl:: 2.43 A Bond AngL~; Cl-?t..-Cl [109 9
• LS' J 

Pr'oc.1uct of Moments of Inerti .. : IAIBle':: [7.9668 x 10-112 ] g3 cm6 

Heat of formation 

Gr" 343.<]12 C 14 Pb 

tHe::: [-J31.5 .: 2'JJ kcal/lTlol 

(,l--!f;!lfr.~5 ':: [-U2.0 ~ 20) ~:cal!mol 

12 

The a.douted kcal/mol is derived from "the dissociation ener-gy for the process PbCl ll (g) := Pb(g) + 4 Cl(g). 

DO = 12. 7J €V is [['Om an in"tef'colnoarison of the ledo mor:.o-. di-, and tetra- halide::. (1). for 

fo'bCl'I Cg ) is greater- than the value fo!' by a factor 2.0? The "uxl1iary values l'.Hf;CPb, g) :: (],) 

<lnd I.Il-If O(C1, g) :: 28.587 (.1) llrif
29S

CPbC1 4 , g) -132.0"".: 21) keaL/IT.ol i3 calculated from ~Hf~. 

Heat Capacity and Entronv 

The bond distance is given by Lister a.,d Sutton (£). The vibrat:ional ~:requeJ,cies aI'e those determined by Clark and Hu,"te!' 

:!~l f:~:c:a:~:y s~::::a i: f 

t~:C~~<~:: t n~~~:~:~e e ~::~::~~~ t ~~~.~~ t::: :;n~~: T~~_e:~::. ()b;;<:V~:'€::rL: l::~::~~~ i:;::n:::~:: : t s ~:.~~:~ 
electronic g::round stat,,". 

The individual moments of im~rtid are: IA=Ig=T
C

:: 9.2703 'X 10- 38 Z c;n2 

References 

1. PbF 4 Cg), PbBrCgJ, PbBr
2

(r,}, Pbf(g), and PbI:?'e;), J2-3)-"I3; ?bC}(g) and PbCl:?(gJ, 

:? 11. "'. Listep und [,. E. Sutton, Trans. Faraday" Soc. 12. B3 (}9l.l). 

3. R. J. H. Clark arLd B. K. I-lunt~l', J. ~!ol. Structure 1, 3,)4 (l91l). 
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n Chromium (Cr) Cr ::r e .. iROMlUH (el') (REr:r:RENCE STATE) GFW = 51. 99& 

<11 
3 (Reference State) GFW 51.995 o 1:0 2130 !( Crystal 
:;a 

~ 2130 to 295"5 K Liquid 

C· ~---gibbs/mol---_ kca.ljmol 
g 

~ 
T, oK Cp' S" -(CQ-}f':$o)rr HQ-Hons 6Hr 6GF Log Kp 2955 to 6000 K Ideal Monatomic Gas 

0 .000 ~OOO INF1NITE ~ 970 ~ 000 .000 .000 

< 100 2.381 leaZS 9.975 .895 .. 000 .000 eOOO See crystal, liquid, and monatomic gas tables for deta.ils. 

~ 200 4 .. 747 3.554 6.139 .517 eOOa .. vOO .000 

2' • 5 .. 601 5 .. 645 5~645 .000 0000 ,000 .000 

.j>, - 300 5 .. 610 5~680 5~ 645 .. 010 .000 .QOO .000 

Z 400 6 .. 030 7~ 3'>3 5.810 .. 593 .. 000 .. 000 .000 

~ 500 6.36S Be 731 6.309 1.214 ~OOO .. 000 ~OOO 

600 6 .. 625 9.921 6.815 1.8&4 .. 000 .. 000 .000 
700 6 .. 830 10.958 7 .. 334 2.536 .. 000 .000 .000 
800 7 .. 035 11.882 7.846 3.229 .. 000 .000 .000 

-0 900 7 .. 290 12.725 6.342 3 .. 945 ~ 000 dOOO ~ 000 ..... tOOO 1.615 13~ 509 8.620 ...690 ~OOO .. 000 aOOO 
U1 

1100 8.000 14.253 9.280 5~470 .000 .000 ~OOO 

1200 8 .. 410 14~ 966 9.724 6.290 ~ 000 .000 .000 
1300 8.871 15.058 10 .. 154 7.154 .000 .. 000 .000 
1400 9.351 16e332 10.572 6.065 .. 000 ,,000 .000 
1500 9&847 16 .. 994 10.978 9.02:5 ~OOO .000 .000 

1600 100356 17.646 11.374 10.035 .000 .. 000 .. 000 
1700 10 .. 875 18.289 11 .. 762 1l.096 &000 .000 ~OOO 

1800 11 .. 402 18.926 12 .. 142 12 .. 210 .000 .000 .000 
1900 11 .. 931 19.55.1 12 .. 516 13 .. 377 .000 .. 000 .000 
2000 12.477 20.183 12.8S4 14.598 .000 .. 000 .000 

2100 13&023 20 .. 805 Pt~46 15,673 .000 !OOO .000 n 
2200 9&"-00 23.595 13.675 21 .. 824 ~OOO .. 000 ~OOO 

2300 96400 24~O13 14e 115 22.7M ~ 000 a 000 • .QOO ::I: 
2400 9c400 24~ 413 14~ '::>36 23.704 .000 .. 000 .000 l> 
2500 <J.'tOO 24.797 14 .. 939 24.644 ~ 000 .000 .000 11'1 

m 
2600 9*400 .. UOO .000 
2700 9.400 .000 .000 m 
2800 9 .. 400 .000 ~ 000 .... 

l> 
3100 7.'018 54~ ! 83 IB.:B3 Ill .. 134 ~DOO .000 .000 r 
3200 1.'595 54.422 19.451 111 .. 888 .000 .000 .000 
3300 1.708 54.b5-! 20.520 llZ.65] ~OOO .000 .OOU 

31000 7.819 54.889 n.527 ll3.430 .000 ,,000 .. 000 
3500 7 .. 928 55.117 22 .. 484 114.217 .000 "DOD .. UOO 

3600 B.O)6 55.3,,-2 23.393 115.01':> &000 .. 000 .000 
3700 8.146 55~ 564 24 .. 260 115 .. 924 .000 .. 000 .000 
3800 8.257 55.782 25.0~1 Ilb .. 644 ~ 000 .000 .000 
3<;100 8.371 55.998 25.876 111.476 ~ 000 .. 000 .000 
4000 8.489 56.'?12' 26.632 118.319 ~OOO ~ 000 .000 

4100 d e6L 1 56.423 27 .j56 119.174 .000 aOOO .000 
4200 8 .. 738 56.632 28.051 HO.O';'1 .000 ~OoO ~OOO 

4300 Ii.S70 56.839 2B.718 120.921 ~ 000 .000 ~OOO 

4400 9.00fl 57~ 045 29~ 359 121.tH5 ~OOO .000 ~OOO 

4500 Q~ 151 57.249 29.977 122e 723 eOOD .000 .000 

4600 '>l. )00 51 .. 451 30.572 123.646 .000 ~ 000 .. 000 
4100 9 .. 454 57.053 31.146 12 ..... 583 .000 .. 000 .000 
4800 9 0 613 51.854 31 .. 100 125.53-' .0UO ~OOO .000 
4900 9.171 5a~o:i4 32 .. 236 12b .. 50b ~OOO .. 000 .000 
5000 <;1.945 58~ 253 32.754 121.4n .000 .000 .000 

5100 10.116 58.451 33.2~6 128 .. 495 eOOO .. 000 .. 000 
520;; 10.290 5B.650 33.743 129.515 .000 .000 .000 
5300 (0 .. 466 56.847 34.214 130.553 .000 .. 000 .. 000 
5400 (O~644 59.045 34.b72 131.609 .000 ~ 000 ~OOIJ 

5500 10.822 59~ 24 t 35.117 132 .. b87 ~ 000 .000 .000 

5600 Ll~OOO 5g e 438 35. 5~O 13Je 173 .000 .000 eUOO 
5700 11.176 59.634 35.971 134.882 eOOO .. 000 .000 

II ~ 353 5"1.830 36.380 136.009 ~OOO .000 .000 
ilen6 60.026 36.180 137.153 .000 .000 .000 

6000 11 ~69? bO.221 31.169 138.314 .000 .000 .000 

June 3D, 1973 Cr 
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Chromium (Cr) 

(Crystal) Gri1 51.995 

T. OK 

o 
100 
200 
296 

CpO 

.000 

5~601 

~ibbs/mol---~ 

~." -(G~-WZ9~)!T 

.000 INFINI TE 
leQZS 9.9'15 
3.554 6~139 
5.645 'Sec45 

_____ kcal/mol ___ _ 

11"-H°2!l1l 

.970 
e B<JS 
e 511 
.000 

tl.HF ,6,(;1" 

.. 000 .oao 

.000 .000 

.000 ~OOO 

.000 eOOO 

Log Kp 

.000 

.000 
• 000 
.000 

300 5 ~61 0 '5. 680 _~JL~!:t~ __________ I_QJ_Q ____________ !.DOO ,,000 ~ 000 

600 
700 
BOO 
900 

1000 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2100 
22-00 
2.300 
2400 
2500 

2600 
2700 
2aOO 

7.353 5~a70 .593 5000 
b.36'; 9 .. 737 th309 1.214 .000 

6.1>25 
6.630 
7.035 
7 ~ 290 
7.615 

8 .. 000 
8 .. 410 
8.Bll 
9.3':11 
9.847 

lO .. Hb 
10 .. 815 
! 1. .. 402 
11 .. 937 
l2.417 

9 .. 921 
10 .. 958 
lleBe2 
12.725 
13 .. 509 

14.253 
14 0 91;.6 
15.058 
16.332 
16.994 

17.646 
18.289 
la~ 926 
19.551 
20.183 

6.815 
7.334 
7 ~ 846 
8.342 
8 .. 820 

9G280 
9.724 

10.154 
10 .. 572 
10 .. 978 

L 1 .. 314 
li.762 
12.H2 
12~ 516 
12~ 884 

1 .. 864 
2 .. 536 
3.279 
3.945 
4 .. 690 

5 .. 470 
6 .. 290 
f.l~4 

file Ob5 
9.025 

10 .. 035 
11 .. 09b 
12 .. 210 
13.377 
14 .. 598 

13.023 20 .. 805 13.246 15~Sn 
ff .. -s-ii----zl:423----y3-.-bD4----- I 7 .. 20"2-
14 0 125 22$03Q 13.957 18~587 
14.6131 22.652 14.307 20$028 
159240 23.262 14~b53 21a524 

15.$01 
16.364 
16.929 

23~ B 71 
24.418 
25.083 

l'h996 
15 .. 336 
15.b73 

June 

23 .. 076 
24~684t 
26 .. 348 

1973 

.000 
~ 000 
.000 
.000 
.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

-----'-QQQ_-- -
4.622 
4.177 
3 .. 676 
3 .. 120 

2.508 
1.840 
1.116 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.uoo 

.000 

.000 
.OOG 
.000 

.. 000 .000 

.000 .. 000 

.000 .000 

.1100 .. 000 
0000 .. aoo 

.000 .. 000 

.000 .000 
.. 000 .000 
.000 .. 000 
.000 .000 

.ritO_O ________ ~ Q99 
• l57 - .. Ol6 
.. 364 - .1l3S 
.. 551 - .. 050 
.. 716 - .063 

• a~1 - .012 
.974 .079 
1~065 - .. 083 

CHROMIUM (Cr) 

5.645 0,05 gibbs/mol 

Tm = 2130 ~ 20 K 

Hea't of formation 

lero by defini"tion. 

Heat Capacity and En'tl'oPY 

(CRYSTAL) GFW:::. 51.9% Cr 
~HfO ':: 0 kcal/mol 

o.Hf 29 &.lS :: 0 kcal/mcl 

lIHe ::: 0.0002 kcal/mol 

~Hm· = [11.9 1.0] xcal/mol 

uHs$ = 95-.0 .':: 1.0 kcal/mol 

The heaL capac;'ty values for T .:: 10 K are chosen to be the same as t:hose adopted by Hultgren et al. (~). A graphical 

integrdtion of these Cp~ data yields Sio :: 0.005 gibhs/ffiol and H~O-H; :: 0.0252 cal/mol. These data also match well with the 

Cpo. s'tudies of Clus_lus and Franzosini (~). The adopted Cpo values eire based on the following st:udi~s • 

SOUf'ce 

Clusius and Franzosini (~) 

Ander~;on (~) 

Kalishevich et al, (~) 

Beaumont et dl. <.?} 
Armstrong und Crayson-Smith (§) 

Hul tgl'en and Land (,1) 

ConwdY a.71d Hein (~) 

Luc}(s l:1..\'ld Deem (Q) 

Kohlhda.~ et al. (!,Q) 

Jaeger and Rosenbohm (.::!d) 

No. or 
Points 

76 

23 

Smooth 

Graph 

Smooth 

Smoo"th 

48 

17 

Smooth 

26 

~ 

Cp" 
Cp 6 

Cpc 

Cpo 

ep· 
drop 

drop 

drop 
Cpo 

drop 

Ran..!?&J 

14.10-274.43 

56.1 -291.1 

60-JOO 

268-324 

273-1073 

uOO_1500 

1267.21.013 

303-1884 

320-1800 

5n-1339 

The adopted Cp· values are obtained primclrily by graphical teChniques to insure smoothness of the curve and a reasonable 

repres~ntation ot· the sometime5 diverse ~'esults. A lICp" :: 0 iu dlso adopted dcrOSB Tt. Below 200 K, there .is excellent agreernent 

between three independent studies (l.. l. ~). Above 200 K 'these three studies drift apal.'t by at most 0.06 gibbs/mol. Above 296 K, 

there are considerable differences in the various sets of data, differences of the or-der of 0.2 gibbs/mol being typic<ll. In ter.:n.s 

of e.nthalpy, 'the data of Jaeger and Rosenbohm Q:1:) deviates from the adopte-d values by +150 to .. 350 calhllOl; the da'ta of Lucks .Jnd 

Deem (~) by 0 to -'l-50 ca.l/mol; the data of Hultgren and Land (1) by -13 to +50 cal/mol; and the data of Conway and Hein (~) by -190 

to -t250 cal/mol. Surprisingly the enthalpy study by Kirillin e1: al. (Q) yields enthalpies which are crudely 2 kcalimol less than 

the adopted values at 2000 K • 

Mel tins Data 

See Cr.( t) 'tahle for de tilils 

Transition Ddtd 

Beaumont et al. (~) medsu!'ed the h<e.dt cdpacity of 99.99&\ pure Cr in the region 268-32" K. The detailed Cp~ measurements ga.ve 

-evidence of a lambdd-type anomaly, the maximum occurI'ing at 311 .• 5 K. Beaumont et al. (~) estimated the heat associa.ted wi.th thit; 

transition to be 1. 1\ cal/mol. Gdrnier a.nd Salamon {;}) used a..n extension of the a.c calorirr;etl'ic me'thod to de'ternUne latent heat 

and heat cc:tpacity simultaneously. They concluded tha't annealing the Cr saDl.:\!le decreases the trilnsition teTElperdture and sha.rpens 

the pea.le. They also concluded that the transition was first order with a. lutent heat of 0.19 :!: 0.04 cal/mOl at d transition 

temperature of 311.5 K. Garnier and Sala.mon (ll> calculated a latent heat of 0.23 ~ 0.05 cal/mol and 0.25 ~ 0.08 cal/mol fraIL 

~xpansivity data and neutron-diffraction data, r'e6pectively. Sze and Meaden (li' observed a large step in specific heat measure

ments (50%) and es'tima"ted a ld1..ent heat" 01 0,1;.7 cal/mol. 

We <idept: Tt :: 311.5 K and Mlt~ :: 0,0002 kcal/mol based on 'the work by Ga.rnier and Si:lld..ID.on (12). In a.ddition we adopt IICp c '" 0 

across the tra.."'1sit:ion. The nature of the transit.ion is not undeI's"tood at 'this time. 

Sublimdtion Data 

See Cr(g) table for details. 
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Chromium (Cr) 

(Uquid) GFW 51.995 

j;ibbs/mo!---_ 

T, <>j( CpO 

0 
100 
200 
298 5.601 

300 5.610 
400 6~O30 

'00 6.365 

bOO 6~b2b 

700 6.830 
800 7 e 03') 
900 1.290 

1000 7 .. 615 

1100 8 .. 000 
L200 8.4tlO 
1300 8.s-n 
1400 9.400 
1'>00 9.400 

161)0 g e 400 
1700 Q.400 
1800 9~400 

1900 9.400 
2000 9 .. ItOO 

2! 99 ______ 9J>5_0_0_ 
2200 9 .. 400 
2300 9.400 
2400 9.400 
2500 9.400 

2600 9.400 
2700 9 .. 400 
2800 9.400 

so 

8.660 

8.694 
10.367 
11 e 150 

LZ .. 935 
13.971 
14.896 
15.739 
10.523 

17.26( 
1 -'.980 
18.671 
19.H6 
19.995 

20.602 
21.111 
2. L ~ 709 
22.217 
22.699 

___ Z::I.L?~L 
Z3~ 595 
24.013 
2h4L3 
24 .. 191 

2 5~ 165 
25.520 
25. Sb2 

-(G"-HOH-II)(r H~-ff'238 

8~ 6509 ~ 000 

B~660 .ul0 
8~ aas .593 
9~ 323 le213 

"Je829 Is 863 
10 .. 348 2.536 
10 .. 860 3.229 
11 .. 356 3 e 945 
11.834 4.689 

12 ~ 294 5 .. 470 
12.138 6.290 
13 .. 168 7.154 
13 .. 586 8.065 
13.992 9.00S 

14.366 9.945 
14~ f68 10.88'5 
15 .. 139 1l.B25 
15 .. 496 12.765 
15 .. 841 13.105 

__ J_6~J_8_4 ______ l '!'!.~~2 ___ _ 
lih511 15.585 
16 .. 32B 16.525 
.1.1 .. 136 17 .. 1t65 
17 .. 435 18 .. 405 

17 .. 725 19.345 
18.007 20 .. 285 
1.8~ lS2 21 .. 225 

kca.l/OlOI 

l!.1U'" .6.Gr' Log Kp 

6.239 5.340 - 35915 

6.2)9 5.335 - 3~ 887 
6.239 5 s 033 - 2.150 
0.239 4.732 - 2.068 

6.239 4.430 - 1«614 
6.2}9 4.130 - 1.289 
6.239 3.828 - 1.046 
6.239 3e 526 - .. 856 
6.239 3.225 - .. 705 

6.239 2 .. 924 - .. 58! 
6~239 2.623 - .478 
6~ 239 2.321 - .3'90 
6.239 2.020 - .315 
6.219 1.718 - ~ 250 

6.149 1 .. 420 - .194 
6.028 1.129 - e 145 
5~ 854 .. 845 - .103 
5 .. 627 .. 573 - .066 
5.346 .. 313 - .034 

_:;'.e_Q.U_ ____ ___ ~9!9 ___ -_____ ._QQI 
eOOO .000 .000 
.000 .000 .000 
.000 .000 .000 
.000 .. 000 .000 

~OOO .. 000 .000 
.. 000 .000 sOOO 
.000 ~OOO ~ 000 

2900 9.","00 Zb.192 lS~ 549 22.165 .000 .. 000 .000 
3000--- --9-.-4-0-6-- --26:510-- --CS-,;SOq--- -23:105 -------8-L-.-049 ------1:Z-3s---.: - --:090 

3100 9.400 26 .. 819 19 .. 062 24 .. 045 - 80. SSo 3 .. 978 - ~ 280 
3200 9 .. 400 n .. ll1 19 .. 309 24 .. 985 - 80.664 6m 711 - .... 58 
3300 9~ 400 7.7 .. 406 19.550 25~ 925 - 80 • .r.89 g e 439 - 0625 
3400 9. l tOO 27 .. 687 19 c 785 265 865 - 80.326 12,0161 - .162 
3500 9.400 21.959 20.015 27.805 - 8ll.173 14.879 - .929 
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CHROM..tUI1 (Cr) (LIQUID) GnJ = 51.995 Cr 
S298.15 = (8.660] gibbs/mol 

'I'm ::" 2130 -!" 20 K 

,UHf298.15 = (6.]39] kc:al/mcl 

lIHJU~ = [4.9 :t 1. 0 J ke2l/mol 

Tb 2955 20 K ClHy· 81.1 112 kcal/mol 

Heat of f~ 

The heat of forma.tioo of C-dt> at 296.15 K is calculated fr'om that of the crystal by adding n!-1m o and t."'.e differenc:e 

between Hi130-H298 for cree) and C:·(l). 

Heat Capacity and :'ot:('oPy 

The. hl::dt cdpacity for Cr(t) io:. e.:stimat!:!d CIS 9.~ gibbs/mol by analogy with ot.'1e.r monatomic metals, Th~ same value 

wa.s adopted by nul t:gY'eXl et ",1. (p. A gldS s tra:lS i t ion is a~j sumed at 1400 K. Below 1400 K) the Cp ~ vulues are those of 

the crystal. The entropy is calculated in a manner dfl.dlogous to that us(!d for the. heat of fo~atior.. 

Mel ting Ddta._ 

1118. vdlue for the heat of melting is adopted a,; llHm s = 4.9 .:!: 1.0 kca1/mol. This value if: calculated from IlSm G 
:: 2.3 e.u, 

This estimated entropy oi melting is consis'tern: with the recently dccepted ilSm· values fOr V <1., "2.49 eu), Nb (]:. 2 33 eu) 

and To, (1, 2.68 eu). This is in contrast to a value. of c.Sm- :: 1.9 eu used by Hultgren et ill. <:;t). 
The llK!ltine temperature is adopted as Tm :: 2130 K a.s was chosen by Hultgren <'!t a1. (1,'. Values reported in the 

lite:Od'tur'C 

;;ource 

Carlile, Ch~istian, and liume-Rother'Y (:2.) 

Greenaway, Johnstone. and McQuillan (~) 

Bloom, Putman, and Grant (2.) 

Kawor'til and Hume-Rothery (Q) 

Vaporiza"tion Data 

Yeu[' 

1949 

19&1 

19::'2 

1:359 

~ 

2133 

21l8~lO 

2l76!:lO 

2122 

The value for Tb .i~ c~lculated as the terrcperature fol' }/hici1 the fI'ee fot' 'the r~dc"tion C_dt) 

The clifference in the heat of fOl'mation Clf Cr(t) dnd Cr(g) at Tb is 
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Ch,Clm i um (C,) 

( I clea I 

T,"K 

o 
IDe 
200 
29f! 

300 
400 
500 

.00 
700 
800 
900 

1000 

1100 
1200 
1300 
1400 
1500 

1600 
1100 
lBOO 
190(1 
2000 

2300 
2400 
2500 

2600 
2700 
2.'100 
L900 
3006 

JI00 
3200 
3300 
1400 
'~ 5(10 

3000 
3700 
JtWO 
3900 
4000 

4100 
421Jt,l 
!.)OG 
4400 
4500 

4000 
4700 
'.8:::10 
... 900 
'..iOOO 

5100 
5200 
5)Ou 
5400 
55.)0 

5600 
57UO 
5600 
5900 
600(.0 

Gas) GF~ 51.9% 

----j.!ihhll/nlOl---~---~ kcal/mol----

Cp" S" -(C~-H":ro~)rr W-W2:!l.!l boHr' ~(;r ~Kp 

.000 
4.968 
4.968 
"'.968 

4.%8 
4.'16!l 
4.'%~ 

4.<;6S 
4.<Jod 
"'.969 
.. • 't1( 

4.980 

t •• 995 
').02) 

5.0&5 
5.124 
5.203 

':>.299 
5.41.4 
::'.54 .. 
5~6aB 

5.841 

6. 

0.005 
()~95 .\ 
f.OQ4 

-'_e_2_23;_ 
7.3'30 

B.0)6 
tI.i46 
d.257 
tl.371 
d.489 

[1.611 
il~ 73!;! 
1.1.,70 
'>.OOil 
9.151 

,. 
'-1.945 

to.l10 
lOe29Q 
10.466 
to.644 
10.e.22 

I i.aOOO 
11 ~ 1 18 
11.)53 
11.526 
11.695 

~COJ iNFINITE' 
'tOe 051. 
42 ~08<,l 

'.1.635 .r, l~ 634 

'.I.66,) 

(.~. l09 
t.5. 61~ 
'~6. 538 
.:dol23 
47.648 

41:10 12J 
4B. ~S9 
48.962 
49.340 
4'i.696 

~O.034 

50.359 
50.&12 
50.976 
51.27t 

'51.560 

l21 
394 

52.926 
53. 18 ~ 
53.441 
')3.692 
53;939 

?4.183 

117 

55 ~ 342 
55.56'. 
55.782 
55.998 
56.212 

56.423 
')6. ~32 
5o.83<J 
57.04, 
57.749 

58.253 

':>8.451 
':18.6')0 
58.£147 
?9.045 
59.24, 

59.".3!;! 

"1.63'> 
41 ~ 62:9 
42s 197 

42.609 
43.023 
43.421 
43.801 
44s 160 

44.499 
44.d19 
4':1.123 
4'.1.410 
45.&84 

45.946 

'6. 
46.667 
4f,. <190 

47.10S 
47.314 
47.517 
41.715 
47.901 

48~ 095 
43.279 
'.3.459 
4t:1.635 

-4s-.-ioe" 

"'8.977 
49.l"'3 
lt9.301 
4'1.468 
49~6Z6 

49.182 
49.935 
50. USb 
50.Z3~ 

50.381 

50.526 
50.669 
50.010 
:='0.950 
51.087 

51.223 
51.358 
:'1.491 
~ 1. 623 
51.154 

51.883 
52.011 
52.139 
S2~ 265 
52.390 

'JZ.5l4 
52.'>31 
52.1'.>9 
52.881 
53.002 

- 1$461 
~ 984 
.48S 
.000 

~009 

~ ~06 

1.003 

I ~ soo 
l~ 996 
Z.4'H 
Z.990 
3.488 

3.9ij6 
4.'.81 
4.991 
5.501 
6.017 

6.542 
i .071 
7s 62" 
8.181 
8.n3 

9.355 
9~ 963 

10.58d 
11. ZZ9 
1 L. 686 

945489 
94.911 
-f'.o.029 
9S.000 

9 ... 9'019 
94.913 
94.1!S9 

94.63b 
94.'+60 
'h.2t.'" 
94.045 
9)~ 198 

93eS16 
93. t97 
92.837 
92.436 
'H.992 

91~ 507 
')i).q8l 
90.41? 
d9.8lO 
69.10',5 

88.482 
83.l)9 
t1.2.824 
8 2 ~ 52 5 
82.242 

12.559 81.975 
13.2.41 tH.123 
13 0 950 81.4a6 
! h ~9!? ________ 3_1_oXl?2 ____ _ 
15.395 .000 

16.131 

18.432 
1'>1.220 

20.018 
20.827 
21.64J 
22.478 
23.321 

24.176 
L5.0'14 
25 0 924 

28.648 
2'.1~ ,86 
30.539 
j 1. 509 
32.495 

33 • .;,98 
34. '-'ld 
15.556 
3b.61l 
37.6e~ 

38.776 
39.885 
41.011 
42~ 1".15 
'.J.31& 

• 000 
0000 
.000 
001.10 
.0UO 

.000 
~ 000 
.000 
.000 
.000 

.000 

.000 
eOOO 
eOOO 
sQCO 

• 000 
.uoo 
.000 
.000 
0000 

eOJ0 
.000 

~ OuO 

.000 

.000 

.000 

.000 
5000 

June 30, 1973 

94.489 I Nf 1·/>.I! TE 
91.392 - 199.738 
81~tllO - 95.954 
1:1'.~270 - 61.171 

84~204 - 61e342 
80~611 - 44.041 
1l~O~6 - 3$068i 

- ~iJe 781 
- 2.1.861 

6(;>.540 18 9 1 HI 
63~081 - 15.320 
<j9~ 659 - U$ 039 

5b.260 -
52. sab 
49~ :>41 -
46.226 -
',2.940 -

39.686 -
3bs463 -
33.212 
30. l1l" 
2b~ 988 -

23.1'196 
20.9<J4 -
lH. 1 76 -
l5.H2 -
12..519 -

11.178 
9.632 
8.32<; 

5."'21 
4.!,dd 
4~ ()40 
3.464 
;:.949 

2.481 
2.0d6 
1.721 
1.400 
1.100 

9.7'18 - .824 
7.027 - • !>b<;l 
4.265 - .333 
I.HI - .114 
~ooo---- ---.060 

.u()O 

.000 
0000 
.000 
.000 

.000 
sMO 
.ouo 
~ oUO 
~OOO 

~ OUO 
.000 
.000 

.oeo 

.000 
0000 

.000 

.000 

.000 
ouOO 
• 000 

.000 

.000 

.OOl) 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 
eCOa 
.OOQ 

.000 

.JOO 

.000 

.000 

.000 

.000 

.000 

.000 
ouOO 
.000 

.000 
.000 
.000 
.000 
.000 

.000 
• DOO 
.000 
.vOO 
.000 

CHROtHUM (Cr) (IDEAL GAS) GfJ..' = 51.996 Cr 
Ground State Configura1:ion 7 S} 

5 298 .1 -5 " 41.6,) :!: 0.1 gibbs/mol 

~Hf; = 94.5! 1.0 kcal/mol 

.ilif;9S.15 9b.O:!: 1.0 kca.l/mol 

0.00 

~ __ r_9fmiltion 

~ 

9 
11 
13 

I iectronic Leve 1 s 
·1 
~ ~ 

5 
3 
1 
3 
5 
5 , 
9 
9 

11 
13 

1 
3 

d.10 QU<l~t"um Weights 
-1 
~ ~ 

5 

9 
11 

5 
7 
9 

~i' cm--
~ 

The ffi<i:ly vapo:, pressure studies d.rc t!'t:a1.ed by a second and third l<iW analysis an.d dr'e tabulated bela .... 

reaction of intert:!st io- Cree) -> Cr{g), so thdt 6Hf 298 (Cr, g) by defin.i"tlon is lIHr'29S' 

In <tll cases 

of 6Hr;98' kcal/mol 

SQurce Rd.n~ M!O'thoQ 2nd l.aw _~£.~L IdOl 

Speiser, Johnston, a::1d Blackbut"';1 (~) 

Gulbrdrl50n and Andl'ew (~) 

BIJ.rl~.k0v (~) 

HcCabe et 0.1. (~) 

15 ~ 

Equation 

15 

Lquc:l1:ion 

1283--1562 

1152-1282 

1381-150:' 

150L-1576 

1317-15:'8 

1441-1672 

1273-1373 

LangITlll1 r 

Knudsen 

Langmu i.r' 

Knudsen 

Knudsen 

r,n\.:dsen 

Knuds(~n 

Xn:.ldsen 

91.:. O~!:O. 84 94.82 

98 . .'jl:!:l'.l6 9::'.28 

97. 
95. 

lO1.14!:2.87 91~.90 

88.08 90.06 

S3.llp:S.70 93.99 

92.50 94. 7'l 

9 7 • 5 l~ ! 2 . 9 3 9 5 • 9 7 

Pi10ydn et 0.1. (2) 

l,es:neyanov and Dy." Man (_~) 

K',Jbaschewski ana Heym~!' (]) 

Gulbranson and Andrew (.§.) 

Aldred <.ind :':ylcs (1!) 

Dickson e"t a1. (~~) 

tquation 

IS .... 

1375-1592 Tors Lon-effusion 91.79 93,85 

1553-1805 :{nt.:dsen 92.78,,3 ,G8 95.50 

Two points neglected due to failure of a stil"tistical test, 

On~ point negle.cted. due to failure of d statistical t~st, 

Drift 

~ 

0.54,,0.60 

-2. 64!:1. 77 

29:>.1.!)7 

1. 25 

O. 59~3. 9 5 

1. 48 

-1. 1 'J.!2. 7.3 

1. 40 

1. 62!1.84 

the 

Ear'ly stl:dies by Greenwood (~J) and Ball! and Brunner (ll) are '1.ot considered as their <",ork. lE<ads to ilHf;98 ',<,hic.h are 10-15 

}::ca}.!iTtol too low when compil.r~d to the results listed ttbovc. 

'de adopt 9:0.0 1.0 }(c<l1/mcl for Cr(g), This valu(> is represen"ta"tive of the more recent third law v<llues tabulated 

dbov~ (2" ~, i!., 

ljeat Capacit"v and Entropv 

The electronic levels ar.a quan"tum Wi<.'ight3 are ob"!:.,jned fro,,", Moore (11), Above th,~ level~: 25771 . .:.0 c::rr.- l , the values of 

c i dod gi listed arc a\"erage Vd)WElS ca.lculated f:'om those give:-. by Moor€"! eQ>. The('e arc> Pf8(:licted leVels w!l.id~ have not been 

observl:!d dr.d/or classified. It is anticipdt"ed thdt ""he::>.: levels will not significan"tly a1't~r the 0ntropy belo'--' 3000 K. The heat 

capacity <1i1d entropy valu~s are very similar 70 'those .1dopc~d by liu1t&ren I:!"t al. ("~~), 'toe S1"~ valu~s being wi"thin 0.001 gibbs/mol 

up "to 3000 K, 
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kcalJmol--__ ~ 'M'K~ .:lHf 

n.1s3 
)3.1'\ 

21'1.'·., 
'ii.JO 

27.9Q(, 
!1. 11'''' 
77.'--7', 
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! • .?D7 
r.:14 ~ 

::',.664 
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CHROMIUH MONONITRIDE (CT'Nl (C1{YSl'>\l.) 

~ 0,5 gibbs/mol 

Second .1nd 'third la'.-l analy';eOl of eCluilibrium nitro2en pressures for til'::! re,lction 

r'ecent revie'.-l (],) of the 'thermodynamic propertl..es of the Cr-·N system are made using 

Cr>1 (see b'~lo·..,r). In calculati-'I~ ,'!quiliilrium constant.s for tr.is N<dctlon, 'the activities 

at ,~ach temnerature. Also, we have not taken into -tcCQun"t in Ollr analysis <Iny variati.0ns in 

(see Phase Dat", Sectior,). R.esults of our analysis 

a Third La,,' v,,_l ues; auxi liary data used 

b Data taken from reference (1); 

tabulated belo'..,> . 

-:iHro, kcal/'Hol 

20d Law 3rd L.'~w 
Dri ft 
~--

cl :: -30.0 ! 3.0 kcal/mol (1). 

d\j,~ to L1ilure of rl stdtisticdl 

Gn'~66.0027 CrN 

kcallmol 

kcallf'lol 

cited in a 

ror Cr2:J (ll and 

to be unity 

of the two ni tride~l 

c)a 

T'le equilibri1Jm 'JreSS'.lres of :~anc (~~) are lnconSls'ten't Wl'Cr. those of the other investit:;dtions, dnd no \.J~igh1: 1'5 given to these 

resul'ts. Redsons for these disc!'epdocies have been presented by DeLllC<1 and Leitndker (1). Also, ',oJ" note that the drifts _.Ire both 

yosic:ive d'1d I'cgative Which p(',::;vldes support for ou!' revised thermal functions for the two nitride,!. 

One cdlorimer.ric value :or jHf" is availdble. NeuITt.i'inn ~t al. (}) me'lsur"d "ll-lf o directly by combination of the e1eErcents in a 

bomb calorineter. Two samr)l\::> of chrOil'i\Jm (99.2-gQ:n· pur-itv) were heOlted to ternpercttures n,!ar l200 K in ;>5 atmospheres of nitT'og~ 

UnJer conditions (JP, it is unli.l:ely that significc'1n-r amounts of 5ubnitridc series of eXDeriments 

gave JHf" values in the ranGe -(29.0-Jl,2> kcallmol. N"E'utnann et al. (2) "Hf 29a (Cr'N, c) :: -29.~ ~ o.~ 

kedl/mol, since the mo .. e ne6ative results were obt'.lLned under conditions (imDure nitrogen) '",her8 sc'ne o:-ddf:' was formed. 

We adopt MH' vdlue of --28.0 ~ 2.0 kcal/mol which is bnsed mainl,/ on the re3u1t~i h'or!'. two equilibrium studies (1, .§.) and to a 

exter;'t on 'the value determined hy bomb caloY'Lmetry. Our' .:l.do')"ted value agrees with that (-28.4 ~ loS) selected by DeLuca and 

Ll!'itnaker (1) belt is 1.6 kcallmol less negative than the NBS (2.) value (-29.8). 

heat Cil.r;,J.ci.ty and CntrQ'£y 
Only one low temperature heat caD.1cl'ty :;tudy (lQ) been !'E'Dorted for erN. These mf!asUr€ments covered the temDeratllI'e range 

73-31S K; unfortun<~1~]·I, the results dr'e 'lreseroted only in gr':\Dhicill form. Cr~ va.l'j~s taken from the graph at 2'.)Q temperclture 

intervdls arC' u;3ed 'to abtain a va.lue tOT learls to S;':JS 0' 8,0 eibbs/mol wi.th ::: 0.39 gibbS/'llol. 

The l·ltt~r value is obtained [r'om th", Debye Tlli2 uncert.J.int,/ if I our valc:(;' for S;98 is be} to be no zrea.1:o 

,hdn ~O.S gibbs/mol. PrevLously p\Jblished estimate'; of 5;91} (1['(18.56 (:1) <1nd 7,135 (ll). The low temDe,'atur12 diJta set (J:.2.) 
ccln'tdins a ],J.:;"bd" ~ea.)( a.t 281.7 K with Cpo near the maximun equal to 75.1 Gibbs/mol. Other transiti~n teITIper;3.ture:;. haY," been 

reported as 781.0 K (1l) ",nd 287 K (D). The anomalY aris>?$ fr'om an antiferromagnetic-poOIrdma.gnetic transformation (ll, ~) wt',ich is 

accompanied by an ortnorhl)mbic to cubic str\.:ctu['dl c!ldng.c (12). 

Satoh (.12) ha~; meilsured the heat c0ntent:; "i -three chr0mium ni.tride sl!ffir)les dt three temperatures e'ich (j72.6, 59B.S, and 

-181.;.( K) in an cal':)T'ime-te-I'. dnd Leitnaker (1) have: reevalu:.lted hi::; hecl1. conten'ts and pr~sentC'd Coo da't<1 for Crt! in the 

range 29tt-l tIOI) above 4i)'l K are adonted ~oi.nec smoo'thly with the- low tcrnoerature CD~ data (lQ) 

3~() K. Cp~ ddra above lLJOf) K dre ob'tctined by r,ri"lT)hical zxtra.nolation. 

~bi'--~.§' Data 

The homogeneity range of c:h', erl! ph<-,-:;e is not kno\~n; ho'..,>ever. reOiults of two recent studies (§., U) indicdt:e th,~t i"t is 

probdbl'/ much smaller th3.n th"t tor Cr;>:'oJ (1). BI'owne ."11. (12) pr'eDaro'c s<1mplcs of 

by metallic chromium dt temper",tures from 1123 to 1·,21 K Hi 11:::; (§.), llsi"lf, d thermc-

[T'avimec:ric -rechniqu<::, studied 'the ternp"raturE' depende'1ce of the lower limiring composition. At 1173 K in one dtmosphere of 

rn'troecn found a limjtin~ cOID[,osi1-ion of varL.ltion of cOlJposition \-lith tt:ffiperature '..JdS sIT,all. X-ray 

d~rrrar::tion patterns (ll, 1,.:0 br erN havE' bef!n in cerms of a eUDie 3truct'.>re U<;"aCl type). i)thec info!'rnation on the 

ehr'Omium-chTomiclm nitri.de system has been revie'Aed by Storms (.§.). 

Deco1!\po~ition Data. 

No info,-mation is available on th8 melting point of Cr~J. Upon heating we <l~,s\Jme that the compound (tecomposcs to its clements 

r<ather than meltinE. Td is the temperature at which for t!'.e process CrN(c) :: Cr(c) + ".5 'J;-Cg) ,lpPl'oa.-.:hcs zero. ·\.lid" i.s the 

negcltive of the h<?at of format10n a.t: rd. 

O'J 71). 
Perf.>-,rnon Press, New York, 1'36·7. 
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13".6 

in t~,e lernpe!"'ature 
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of their pressure 
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U :.. ,xiliarv :H~o data (l) use,j ("in :,:r<r.) , • n • ! .r); 'i'! (SJ. 125 ! '1(<>;), + :'.') • 

'.~e t:hClt se''/cr,l1 or the '0 

\oI:it:11 dc.tCl. • 

the C'';O lat.; .)1[ F' 

thLt'd 1a;.l value of g) ~ in the d("!'~r'i,,-ina-

dnd therma 1 vallie cO""c,oond, tv <'1 

di ,$ociati on CnE'T'gv.of D29S (Cr;n 87. '3 kcallmol 

,4,lthouZh no eX-,p('l,.f:'.(o'ntal value LJl' is aVdildole, r'·!O f:<;1:i'nati()n:; ',ave be2n rCDOr"tC'(J, r;in<;erich C.t::.), usine; 

cm:oirical cOI'relati0ns c.r (>::,lin and ';oldfineer (1) and DduLnr, (§.J, ,1 v.'l.lu(:e of ))2,,)5' -;: 9G kcal/~n1 for Cr'Hg) both 

ffil::t!10cis. ?r2,licted valu€ i.s reasonable "'Ii t.>: Uta:: eXTldrimentally bv (';r:iva~taya rarbc\~ (j,) -Jrd 
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3.091 

15.713 
1"'.02l 
17.530 
1f'.;!.1 
19.)54 

37.:31) 5.972 
7.857 
<).649 

30.A3':, Il.41<) 
30.344 - 13.171 

20.268 
21.184 
22.102 
13.022 
2'L941 

29.e5i 14,901 
2~. )5<:; lb. D 13 
lB.8M - 18.301 
78.311 19.982 
'>3.173 20.404 

24. s:!6t - 53.4~9 - 19~ JOb 
2C,.792 ';3.779 
2(>.71 9 54.099 
77.649 54.4)2 15.957 
;>13.0;.81 54.774 - 1{'.~21 

;><;. "ill: ')').120 - 1 J. 
·lO.4'53 - 5,).48" 12. 
n.3~2 )').8<.,? 
.Ic.33~ ')6.2"'~ tOol7., 
3.L280 ':>6.6'·0 IJ.'Hl9 

i4~ 227 
3':i. 17 d 
H:. i "3 J 
)7.01"7 

38.04'" 

H.OOS 
39. 97 ~ 

';1.0"''' 
',7.{.60 

"C.4"1 6J. lIO 
.. 1.912 - 60.715 
42011'16 "'1.234 

43 .d 6 ~ " 1 • (69 
l,,-. ~4 j 1,2.31 tl 
':'''.1:12 t - >,2. tlBJ 
46.811 0).464 
47.tJOt) e>' •• u5<, 

4«.79 - 64.u70 
"''l.7!'! 6,>.,-Y7 
'50.7t! 6'). ':I~" 
':>1 • i'~ - 66. o,'rf 
~2. 1 R 6 T • 2 1:><) 

1.1'l2 
6. ')li6 
".3f,A 
4.14) 
2 .9u~ 

1.60;.A 
.401 
.866 

:>.142 
3.430 -

4e730 
f. .0-7 
7.360 
!l.i:>I:J'l -

IO.lJi 

I!.B? -
12.tt,,,, 
14.122 
1',. )vf:t -
16.90') -

1.0 4 0 
l.151 

1.2')3 
1.345 
1.429 
1.50':' 
1.4f:l6 

1.1 H 
1.026 

.92<; 

• <110 

.4,), 

.Z7i 

.20':' 

.141 

• v79 
• 019 
.039 

.703 

.i')" 
,';0; 
,3:.l 

.4'.'. 

.4P.9 

.')\2 

.61<" 

IJcc. 1<, I:) 7 J 

(crO) 

Ground Statz Configurdtion SiT 

:: 57.16 ~ 1.5 gibt)g/mo1 

8~Hl. 8 

Be ')' ~2 85 ern- 1 

State 

X Srr 

8 Sn 

(IDeAL G!\')) GfW 67."" Cr() 
LlMf; 44,':1 ~ 10.0 kCdl/mol 

.',!1f;98,15 l:.S,') ~ 10.0 kcallrnol 

~i_' __ ~ 
10 

155B4,S 10 

'JeXr. 5,50 em 

'),C)()5Q c.r,", re :: l..ti27 A 

Heat of rormt,1:io:l 

Ba:led of'. tile ",coDted r,rou"d state vibrational eOilstant~, a li.nedr Bir;;:e-'~"·oner 2xtr':J.')oL-(tio:1 yields a dissoci.:ltion energy, 

of" 3,796 t.!V (87.5;' kcal/moI), '1.1l'Jlying e correction for tlloJ" io:<icitv in 'the Cr,_f, b()n.d (P, ",.Je Y''"C,l.lcu:'ate 4.<l17 ",,' 

kCdl/f:".ol). in t1J!"':l corresDonds to d v-11ue 50, 9 S Kcallr.,')l for eel (g). u~:;j ng <lIJX II La.n' d,;.ta 

Hul.et: and Lagerlyist (}.), US1:1f', <l ~>pectro'5coDic fl".ffie tecr.ni.llJ2-, >;e"0r-c~d ),; 4.4 ~ r",.S ':!'I for CrO(r;). I'hLs vulue \~.JS l:;.tcY' 

corrected to V;' :::. eli (1?2.9 KCJ.lIrr,oL) (~. i!. r;rir.-.le'/ e-r .-i1. (~) !1','~ntioned the;"t in detcTmining valu(!s by t)'1.e fliune 

technique of a!1J Lcl.j:;erqvist (~) 'the cOilcul.-;t;i.o:1 il5SU'fl'",3 th'lt tt,e only ga.,eou., snec.Le', conLil!ling lr ,u'e Cr and CrCl. Under 

cordi.1:ions l-i:.:ldt dnd i.ar;zrqvi<o:t (1), ';rimlelJ et d!., (§) iJdic",:ed ·tl'a't the Cr')/") p03.r,l,1l Dr"<:ssure Cdnno't be 

n,,~glec~eJ. 

GcL.'nl'!y et ",1. (.§) ';1uji.ed the v.J"Ol'iZ.:l'tlon of Cr/J3(c) ul"der neut,',,] and oxiGlz:nil; condi'tlons USil1g m<lSs soectrometric 

methods, ;hf" re")orted 11drtial 1)ressure data ;"r ere;:;), Cr0(r.), Cr{)2(g), 'He), and O2 (g) may be analyzed in t(::rms of many differ-cnt 

chel7lical eg1lil.ibria. :.lUI" dnalyses or Four 8'1uLlibr'1'l. in ,he n€utrdl l1nd ox~d}zln:::: c,);1dit'ccos ar'? t':lbulated below . 

'J'~utri]l conditi~ns 

1342-20G2 .'< 

13 ~oints 

ixicii:::inp; condi tions 

1.89 t-l 9 115 K 

3 "oir,t~. 

ReactilYn 

A' 

0" 

'\;i~';9a' kCdllf1101 

? nd Len·, ~}::~t...k1::! 

-, \ 

_Fl8,? 

17 4 ,') 

2'15.3 

-27, '] 

-45.9 

?()2,n 

_1~4 . 9 

17g.2 

2'15,9 

_l> 3.'/ 

_19,.1 

.0 

7'-"8. 

Dri 

- 2. 8 ~ 2 

4.1")·1. 

2.l!1.2 

2..,1 

-a.('·13.l 

_ ~ 7 • <:!:4 ." 

• 8 ~ I.J. • :. 

6-S. I) 

'1Hf;98" kcal/r;-.ol 

~~o1,.'1 

5S.S 

15.3 

38.<; 

67 

]')".G 

~ 5 .6 

3rd Law 

50,1 

~~ .2 

42.5 

S 1. 3 

55.2 

1,5.4 

I.:.j, 5 

~eactio'1 i..: Cr(E)) 1I2 02(1') [1'')(;;) J/: C1'0(g) lf4 

!:;' Cde) ~ G(,~) co (r'l(~) ~: l,'? Ct''1(p.l]n 

• 'In<.' v;,int re"iected dl'~ ,0,\ .stati.;"'tlCill (14:.:2 K) 

in tne neutral ';Y:;!"'~f:l 3:1 r'1,]t t~cr" bfOtter the 2nd 8nd 3rd la,'" results for ,he 

tr,e oxidizinp, sy-:;te·n . 

[or CorreSD'H'.d'Lng 

"e~'.lt t::: \'lhi 18 brc'..II'!! 

' .... hic:, ls 

e',' (1 0 8,1-> ';cdlfm:;:l!). 

igh-rlv rlo,'e D6'iiri'ie 1o!" -rhe oxidizine 

'lr:~ortun,l~€.l'l a kCill/f!\()l F"!:Nlnce the culculil t'"'c 

·lnd T)l 81L1i1i.bri'1. t;Y'i.mley c:t 011. (.§.J 

")100 resul-rs. ·..Ie ,l(Jont :: lj5.0 '!: lCi.O 

aJoot~d t,Ht 0 of the /'1([ ,HId 3rd 1<1''') r\,~;ul to; in :1euteal 

$'leo:.:tl'0IT'8':[,V 1.1'. the rdnge lFj<Yr-7'l20 K. The:y r"cporTed z:likcy (,t (.§.) 03.iso 3l:U,jic;u t',c vabol'i.Z:'!t:ion 8f (['7')1 Vlrl 

the dete..:tiorl S.JSE'QLlS Cr. Crr), (1"2' .,ILd ') during 'th", e'.!a')or03.tion 0r;:.ces,. Tbe rr:')')r1.e~ smoothed "ar·tld.l :::re~;slJr'es of CrO(g) 

al\d 11e higher t:li\n t11:)5e reDort'?d by ':"."('1F.11c,{ et "11. (~) bv d Of 2-5, ''''~lle th .... Dd""tli1l In'cssures C~(g) 

J~s::; than" L,.ctor 2 different. 1'lli': J.ltil. w"~: not anah'ced . 

ile·lt CdT)fll_C::.L~Y And [ntT'or)" 

The ';n8~tTo';coni.c ',iOrl( invol·.·ins Cr0(g; ":1.1.; '.)een reviewed and 1,,,,ferenc,·J b'( P,oscn (~), Th":! dd()n';~J vibrdtl.on an::l rotation 

consl:ant~ 'd~ll as t!1e clectrol'ic lC'v'~l., JT'e 'llosp. t'ibuLlt~d bv <-osen C])--. The gr::>und ',td'te has "rot bc,en firmly t'5!u:'lisned, 

',.tel tnc-r Oil) 3 .. - ground The free ""ner-gv functir):-,.s u~"ca her<- are l,l2 eibbs/r:lol dt 29& K dnd 1.!:>7 

lbb'</m01 .>( lQ;..;cr chan these sugge ;'.ed b,/ Br<:<;"er ilnd Rosenblatt (7) The difFcr-ence arises in trhlt Brewer and RosenbLltt. 

(}J dn~:~:\~r:1:~~dc:~~.;::r() ('lcctronlc It,v,~ls ·..Jith Cr++ 21eC[T'onic levcl~. Tl"H' ]",t.;:1"' h.lS ,;. sin,;let r,t"'o'.!r.d ·,'tat,,! and many levels 

11:<; {£'rcn~~s 

2. 

5. 

e. 458 (1 9 72) . 
,19'fn , 

Cr'O 
Press, :Jew 

CI 
CIO 

n 
J: 
l> 
VI 
m 
m 
-I 

l> 
r 



.... 
.., 
::r 

-< 
!" 
n 
:T 
<0 
3 

"" ~ 
c a 
Q 

< 
!!.. 
:0-

Z 
? 

..0 
'I 
VI 

Chromium [Jioxice (Cr0
2

) 

(Ideal G(1s) G~IN 83.9948 

T, QI{ 

a 
lOa 
200 
298 

'00 
1,00 
500 

600 
100 
800 
'00 

1000 

ilOO 
1200 
1300 
1400 
1500 

1600 
1100 
1300 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2100 
2600 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

3600 
3700 
3800 
3900 
4000 

1,100 
4200 
4300 
4400 
4500 

4600 
4700 
4BOO 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

5600 
':>roo 
5800 
5900 
6000 

-----gibtn;/mol -

ere So --((;"-W:z9li)rr 

.000 
8. ',57 
9.468 

10.310 

lO.3e7 
11.236 
11. sag 

12.359 
12.6'>1b 
l2.940 
13.120 
13.256 

13.361 
U.443 
i3~508 
13.561 
13.604 

13.639 
l3.66Q 
13.694 
13.716 
13~ 134 

13. -/:>0 
1.J..76t. 
U.776 
13.787 
13.197 

13.80'5 

13e636 
13.640 
13.84S 
13.B48 
13e 852 

13.S55 
13.858 
13.861 
13.863 
13.865 

13~868 

13.810 
13.871 
13.873 
13.875 

13.876 
13.878 
13~819 

I J. 8BO 
Be 881 

13.681 
13.384 
13~ 6S" 
13.6B6 
13.886 

13 .. 887 
13~88e 
13~5e9 

U.B90 
13.890 

.000 INFHdTE 
~4. 181 72.908 
60.316 6':1.242 
64.323 64.32-:> 

64.387 
67."096 
10.077 

72.288 
74.220 
75.932 
77.467 
18.857 

80.126 
81.292 
82.370 
83.373 
8".311 

85.190 
86.011 
86.800 
81.541 
68.245 

88.915 
89.555 
90.167 
90.754 
91.311 

91.8'.18 
92 .. 379 
92.882 
93.367 
93.83'3 

94.289 
94.728 
95.154 
'1S.568 
95.969 

"16.359 
96.139 
91.109 
91.469 
91.820 

98.162 
98.496 
98.823 
99.142 
99.454 

99.758 
100.05-' 
100.349 
100.635 
100.916 

101.191 
101.I.6e 
I 01 ~ 725 
101~984 

l02~ 239 

10<.489 
tOl.735 
l02~977 
l03~2l4 

103.441 

64.323 
64.7 f.! 
65.557 

66.49<;1 
6"(.467 
68 .... 20 
69.~42 

70.225 

7l .068 
n.872 
72.639 
73.37:) 
74.06<:; 

74.736 
75.316 
7'5.989 

77.688 
713.213 
78.720 
79.209 
79 .. 682 

80.140 
80.S84 
81. 014 
81.432 
81.837 

82.989 
83~353 

83.705 

84.054 
84.392 
84.721 
85.04<., 
85.359 

85.667 
85.9&8 
86.263 
86. ~53 
8b.836 

87.113 
87.386 
81.653 
87.915 
08.172 

88.424 
8(>.673 
88.916 
89.156 
89.392 

89.623 
89.851 
90.075 
90.296 
9Q.513 

1-I~-H°tlH 

- 2.61<; 
- 1.873 

.97] 

.000 

.01 <J 
1.102 
(.7(·0 

6.00<> 
7.313 
8.632 

9.963 
Ll • .503 
12.6SI 
14.005 
1'>.163 

16.12S 
18.091 
!9.459 
20.82'1 
22.202 

23.576 
24 ~ '95 2 
26.329 
2.1.707 
29.086 

30.466 
-31.847 
33.229 

37.377 
3a.761 
40.145 
41.'530 
42.'H5 

44.300 
45.686 
47.0 r2 
4B~45 e 
49.845 

'51 • .;>31 
57.618 
54.005 
':>5.392 
':>b.180 

58.161 
59.555 
60.943 

65.10l' 
ot-..495 
67 ~ 684 
69.272 
70.Ml 

72.050 
T3.43t: 
74.627 
76.216 
77.605 

Dec. 31, 1973. 

--ktalJrnol----~ 

M{f' 

- 17 .. 171 
- l!~.OOO 

- 1 il. 004 
- 18.215 
- 18.409 

- 18.6(d 
- 18.797 

lq.OO~ 

I'L232 
19.48'5 

- 19.773 
- 2e.101 
- ZO.474 
- 20.895 
- 71.368 

- 21.893 
- 22.470 
- 23.105 

23.791 
2"-.545 

- 25.351 
30.830 

- 31,]17 
31. BOt 

- 32.290 

- 32.182 
33.279 

- 33.780 
34.286 

115.845 

- 116.83"1 
- 1l7.202 
- 117 .~71':! 

- 117.969 
- li8.314 

118.793 
- 119.227 
- 119.675 

- 120.139 
- 120.616 
- 12l. d09 

121.619 
- i22.144 

122.687 
- 123.746 

123.823 
- 124.417 
- 125.030 

- 125~662 
- 126.312 
- l26.9aO 
- 127.669 
- 128.314 

- 1290100 
- 12<J.845 
- 130.608 
-131.389 
- lJZ.IB8 

~Gf" 

- 17.6'34 

- 20.902 
- 21.836 
- 22.118 

- 23.Sf,2 
- 24.373 

2'5.15-, 
- 25.912 
- lb.64J 

- 27.343 
26.016 
28.661 

- 29.216 
2"1.858 

- 30.407 
10.921 
3l.40l 

- 3t.8'·3 
- 32.249 

32.6i3 
- 32.783 
- 32.861 
- 32.916 

32.955 

32.971 
- 32.969 

32.94-8 

- ZB. 000 
- 25.979 
- 23. t4') 
- 20. 'lOt 
- 17.44 6 

- 14.578 
- 11.101 

8.811 
5.9}4 
3.003 

.080 
2.854 -
5.603 
8.757 -

ll. 12 7 -

14."710 
17.103 
20.108 -
23 .. 721 -
26.751 -

29.N5 -
32.847 -
3'5. 'lIB -
38.<;1';13 -
42. Qqo -

45.193 -
4".311 -
51.446 -
54.SSQ -
57.75i -

Cr 

Lop:: Kp 

lo.JFINITf: 

1 ':>.227 
, i.931 
9.930 

~.a71 

6.2'12 
5.822 

4.350 

4.1 '53 
3.975 
3.813 
1.663 
3.524 

3.H4 
3.257 
3. 

2.881 

2.111 
2.bbq 
7.577 
2.4130 
2.303 

2.030 
1.714 
1.'33J 
1.305 
1.089 

.885 

.691 

.507 
.331 
.164 

.00', 

.l48 

.295 

.431) 

.570 

.699 
.823 
.943 

1.056 
l..lb9 

1.4Bl 
1..518 
1.61.2 

1.1&4 
1.852 
1.939 
2.022 
2.104 

Cl-lR.O~lIln1 DIOXTDE (DIAL GAS) Grw = 83.9911-8 

Point Group [ 

! 3.0] gibbc/mol 

Quantum Weir)lt ;:; [3] 

~ 10.0 kC,J.l/mol 

-18.0 ': 10.0 kcal/mol 

Eone DLstar.ce: Cr-O::. l1.6271 A 

Bond iI.ngle: O-Cr-O::, [)lQ~] 

Vibra1:iODdl rr€glJe!'ccics and f}e.gcner3cies 

--1 
~ 

9S'B (1) 

[3:]0) (1) 

l[lOS (1) 

Product" cf tne HOf'lents of 1nertia: IAIB1C = [2.325 x 10-115 ) g"CIl'6 

'-le<Jt of Jor:na't.ion 

Grimley €"t" al. (1) :audi.ed the va!Jol'i::'ation of 

methods. In the range 18 112-2062 !\ CIPTS-S8j this 

and oxidizin!:; conditions 12sjng lndSS spectrol:l.etric 

quant-:'t,.,tivcly C::'(8) , Cr'O(g), Cr0
2
(eJ, 11(~), ;1.nd 02(Z). Of tile 

many chemical equilibria which coul;l be c1.nalyz<:!J, we tabulate below our second anG third La',", <tnalyses of the: equilibrium between 

CrOCg) and CrCl:/p;J. 

Neutra"i system, 13 poi It:3, 18'12-2052 

Re,lctio:-: A."" 
Reacti_on B-1"'" , 

Oxidizing system, '3 points, 1a93'-1~45 K 

Reaction A 

Reacti0n B 

3rJ la;{ nir;~lf~' 

l>Hr 29R , kcal/moJ 

~~ 31'('1 La~i 

1111. 27 

71.11 

120 91 

101. 21 

lU:f17 

5:1.:.1 

172 .~8 

(1865 K) rejected due to -'I. statisticdl "test. 

React-ion A: CrCl
2

(g)::: CrG(g) '+ OCE), 

Drift: 

-lO.1~3. oS 

3.4~2. 8 

O. 8 ~9 .-~ 

-17.9"!.1).1 

1Ii-lf2?g(Cr0 2 , g~" 

Kc.al/mo1 

-15.31 

- 19 ljl 

-17.92 

-21. 82 

~ea("!tion B: Cr0
2

(g) CrOCp)'" In o,,(g). 

\./-::- adopt :::- -]8.0 • 10.0 kcallmol. Thi.; Ildlue is intermediate to the four results tabu1a':ed above with extra weight 

given 1:0 those of the ~eutral conditions. Gur analv:;l!' of equations analogous to those tr-8ated L11 thf' crO{p;) table (]) yield3 

the same tr,=nd~; as with CrO(g). The results ar'2 consistent with our adoot"'d va1ue. 

Usint auxiliary data. <.~)) T..'e calculaf"e D; = 9,"9S eVr210.l kcali['lol) COI"'rE'sDondinr,"to C:r0 2 (g) ::: Cr(g) ~ 20{g). This value 

is a Idetor of 2.12 greater thEm the DO valu~ of erOcr.:) (1). 

Chizhikov et <11. <.;?) al;;o studied the vaporization of Cri"03 vi<! mar>'> spectrometry in the range 1690-2020 K. They re?oT"ted 

the detection of gaseous Cr, erO, crO';' and 0 during the evaporation prOCESS. nl\~ reported smoot:h'2d pa.rtial ?ressures of Croeg) 

a.TId Cr<l2{g) lie hi;?;her than those of Grimley c~t al. ()) by a factor of 2-5, '~h~l(! the p<irtial pressures of Cr{g) are less than 

a factor of two dJ f ference. This study was not further analyzc::l. 

MdSS spectr81Tlet:ric st.udies 'iJ?t"'<! made by Far~er and Srlvastava (1) on the redctions :'nvolved with vanadium and chromium 

additives in potassium-seeded M
2

/0? flames. E:qu11ibrium values at an aver.-ige f).arne temperature of 22!:J0 K fO'( .. the reaction 

Cr<:l2{g) + 2 H
2
0(g) = H

2
Cr<\(g) + 2-HCg) were an.o!:!.y:~€'d by roar-ber and Srivastava (2). They calculat8d llHf 29 !1 ::. -3.0 !: 7 kcal/mol 

for crO,(g). The experimental determination of t,Hf;SB- for ~llso l'f'!q\lired the value fot' CrO(g). Adjusting the 

calcula.tions of Farber and Srivastava (2) to b~ consiste"1'1: (:1), we r€calculilte 

6Hf 29 & ::: -11.0 kCdl/mol i"er Cr0 2 (g). 

Heat Capdci ty and Entropy 

Cr0
2

(g) is dssumed t:o h,we <1 molecular geometry similar to that observed for Ti0
2
(g), Zr{)2(g)) and Ta0 2 (g) (]). The O-Cr-O 

bond is estimater:! as J..IO~ while the Cr-O bond dist~nce is 'ostimated to be the same as 't!ldt in Cr<)(g} (1). The sYITunetric and 

asyrrtmetric stretching frequencies are obta:'ned from the infrared soec"tr>a of gclseQUS tetrahedral and (.::., ~). The 

bending frequency of 200 Clfl-::' is estimated) based on with dnd WO..,(g) (]., .§.). also 'to Ti0 2 (g) 

table (]). The electronic ground state is assumed to be C£). The three pJ'incipal moments of inertia are: 

LA '" 12.30 x , and IC' 2.866 x: 
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Chromium Trioxide (CrG,) 
;:) 

( I dea I Gas) GFW = 99.9942 

gibbs/mor----. 

T, OK Cpo s· -(GQ-H"Ut)(f W-Ho2t8 

0 .000 .000 INFINITE - Z .. 95c:l 
tOO 8.358 52.2013 73.780 - 2.157 
200 lO~944 58.741 64.74l - l~ 1 q" 
298 13~ 390 63.591 63 .. 591 .000 

'DO 13.430 63 .. 674 63.S9t .025 
400 1 5~ 2: 58 67 .. 804 64 c 142 1 .. 465 
500 16.500 71.351 65.237 3.051 

bOO 17~ 338 74.438 66 .. 519 4 .. 751 
100 L7.914 71.157 67.849 6.516 
900 1..8 .. 3Z1 19 .. 517 69.160 S.329 
900 18.6L7 81 .. 753 70 .. 446 lO.i16 

1000 18 .. 836 83.126 7l.671 12.050 

1100 1'11.000. 85 .. 5'30 72~855 13~942 

1200 19.137 87~ 190 73.982 15.850 
1300 19.241 8S ~ 726 75 .. 056 11.76f':J 
1400 19.324 90.155 16.086 19.697 
1500 19.393 'H.491 11.068 21.633 

1600 19.449 _ 92.744 78.009 23.575 
1700 19.496 93.924 78.'HI .25.522 
1600 19.535 95.040 79.777 27 .. 474 
1900 19.569 96.097 80.608 29.429 
2000 19.598 97 .. 102 al.408 31.386 

2100 19.623 98. OSB 82.178 33.349 
2200 19.64.5 98.912 82 .. 921 35.312 
2300 19.664 99 .. 846 83.038 37.278 
2400 19.681 lOOe683 84 .. 331 39.2405 
2500 19 .. &95 101 .. 486 85.001 41.214 

2600 19.709 L02.2:59 85.650 430164 
].700 19 .. 120 103.003 66.219 45 .. L'55 
2800 19.731 103.721 B6.8S9 47.128 
2900 19.740 104.413 81.48Z 49.102 
3000 19.149 lOS .. 083 aa.051 51.076 

3100 19.756 105.130 88.617 5~. 051 
3200 19.764 106.356 89~ 162 55.027 
3300 19.170 106.966 89.69}. 57.004 
3400 1(,1.11& 101.556 90.2:09 56 .. 981 
3500 19 .. 781 108 .. 129 90.713 60.959 

3600 19.786 l08~ 687 91.204 b2~ 931 
3700 19.791 1090229 910684 64~916 

3800 19.195 109.757 92.153 6b~ 8<;16 
3900 19 0 799 1l0~21l 92.611 68 .. 815 
4000 l'~. 802 II O. 772 93.058 70.855 

4100 19 .. 806 lLl0261 93_496 72.83f: 
4200 19.609 lLl.139 93.92:5 74.816 
4300 19.812 tl2.205 94~ 345 76.197 
4400 19.914 112.660 94.756 7e~ 719 
4500 19.817 113. LOb 95.159 80.760 

4600 19.819 113.541 95.554 82~ 7102 
4700 19.8:11 113.967 95.941 a4.724 
4800 19.823 114.385 96.321 8ifJ.706 
4900 19.825 114.794 96.694 88 .. 689 
5000 19.827 115.194 en. abO 90.671 

5100 19.829 115.587 97~419 92 .. 654 
5200 19.831 115.912 97.772 94.637 
5300 19~832 116*350 96 .. L 1'9 9b.62C 
5400 19.833 116.720 98 .. 460 98.604 
5500 19.835 117.084 98.796 100.587 

5600 19.63b H7.442 99.125 lO2eS7l 
5700 19.837 117.793 99.450 104~ 554 
5800 19.839 118.138 99.769 106.538 
5900 19.640 118.477 100.083 108.522 
6000 19.64l 116~ 810 1 OO~ 393 liO.506 

Dec. 31, 1973. 

kc.aJ/mol 

"HI" 

- Me 876 
- b9.l91 
- 69.654 
- 70.000 

- 10.005 
- 70.214 
- 70.340 

- 10.428 
- 70.502 
- 70.579 
- 70.669 
- 70.781 

- 70.9Z7 
- 71.111 
- 71.342 
- 71.620 
- 71.951 

- 72.334 - 72.771 
- 73.267 
- 73.821 
- 74.434 

- 75.105 
- 60.461 
- 80 .. 809. 
- 81.165 
- 81 .. 528 

- 81.896 
- B2.272 
- 82.653 
- 83.042 
- 164,,486 

- 1.64,.687 
- 164~90g 

- 165.146 
- 165~402 
- 165.672 

- 165 .. 959 
- 166.262 
- 166.580 
- 166c9l4 
- 161.265 

167 .. 632 
- 168 ~O14 
- 168.413 
- 168 .. 830 
- 169.264 

169.716 
- HO.ISb 
- 170 .. 674 
- 111.}80 
- 171.706 

- 112.252 
- 172eB16 
- 173.399 
- 174.003 
- 174.625 

- 175.268 
175~92q 

- 176.610 
- 111.309 

178.027 

Cr0
3 

'GI" Log Kp 

- M~ 81b I NF IN[ TE 
- 68~lOO 148.832 
- 66~ 827 73.026 
- 65.361 41~ 911 

650332 47~594 

- 63.140 34.826 
- 62.105 21.146 

- 60 .. 450 22.019 
- 58.780 18.352 - 57.102 15.600 - 55.412 13.4% 
- 530710 11.738 

- 51.997 10.331 
- 50.261 9.155 
- 48.521 8.157 - 46.15b 1.Z99 

- 44.969 6.552 

- 43.158 5.895 
- 41.320 5.312 
- 39.451 4.791 
- 37.563 4.321 
- 35.642 3.895 

- 33.684 3.506 
- 31.539 3.ll! 
- 29.30B 2.785 
- 21.059 2.464 
- 24.800 2.106 

- 22.522 1.893 
- 20.232 leo3a 
- 17.926 1.399 
- 15.606 1.110 
- 12.031 .817 

6.950 .490 
1.861 .127 
3.237 - .214 
8.343 .536 

13.456 - .840 

18~ 581 1.128 
23~ 11 a - 1.401 
28.651 - 1.659 
33.994 - 1.905 
39.149 2.139 

44" 316 2.362 
49.488 - 2.515 
$4-.611 - 2.779 
59.865 2 .. 914 
65.069 - 3.160 

10.285 3.339 
15.501 - 3.511 
80.740 - 3.676 
as.971 3.a35 
91~230 3.988 

90.499 4.135 
101.769 - 4.277 
107.062 4.415 
112.352 - 4.547 
117.066 4.676 

122 .. 982 - 4. aao 
128.312 4.9'20 
133. &61 50030 
139.013 - 5.149 
144.384 - 5.2'S9 

CHROMIUM TRIOXIDE: (crO 3) 

Poi nt Group (D
3h 

J 

S;98'.l5 ::: (6.3.59 t 4.0J gibbs/mol 

Ground State Quantum Wei ght ::: [1 J 

(IDEAL GAS) GFW ~ 99.~9"2 Cr03 
D.HfO ::= -69.S"t 10.0 kcal/mol 

6Hf29 8".15 ::: -70,0 ~ 10.0 kcallmol 

Bond Distance: CI"'-O = [1.627] A 

Bond Angle: O-Cr-O ': [120 0 J 

Vibrational freouencies and Degener'acies 

r..:>. cm- 1 

[8,75] (U 

(500J (ll 

96"9 ' (2) 

(425) (2) 

Product: of the Moments of Inertia = IAI3IC ": (2.347 x 10-
114

] g3 cm6 

lieO!t of Formation 

(J::: [6} 

ne Vaporization of Cr,03 under oxidizing conditions was studied by Grimley, Burns, and Inghram (1) using mass spectrometric 

methods. The principal gaseous species observed were Cr, CrIJ, crO l ' C!"03' 0, and °2 " The vapor ?I'essures at three different 

temperatures <1893, 19111, and 194'2 K, IPTS-68) are analyzed for four different reactions by the second (l,nd third 18.W methods. 

ClHr29S ' kcal/rrol Drift IiHf 29B(cr0 3 • g)" 

Reaction 2nd Law 3rd Law ~ kcal/mol 

crCg) + 3 o(s} ::= cr0
3

{g) -279,'80 

crCg) .f< 1.5 02(g) ::: cr0 3 (g) -220.52 

0.5 C!'203{c) + l.~ O{g) ::: cr0
3

(g) - 30.81 

0,5 Cr,-03(c) ... 0.75 02(g) ::: Cr'J
3

(g) - 1.17 

* Based on third law lIHr 29S " 

_332.47 

-155.48 

- 24.28 

59,'22 

- 2 7 • 5 ~6 • 4 -58,79 

78. 7!:21. 1 -70.Li8 

3.4!:1.4 -70 .04 

31.:' ~12 ,4 -75.88 

The secon,d law results are considered less reliable due to the Sir-all number of data points ;,nd the small temperature: range 

studied (51 K). We adopt lIHfi9a ::: -70.0 ~ 10,0 kcal/mo! for CT'03(g), 

Wa.;hbum (1)! in a mass spectrometric study of the sublimation of Cr'03(c) , stated that the gaseous Cr-containing molecules 

are in equilibrium among themselves but not: with O(g). If the s"ame situation w€-rtl to hold in the t;tudy by Gd,mJ.ey et al. (1) ~ a 

value intermediate to -70.04 and _75.89 kcal/mol might be more approDT'iate. However, the adopted value ""ith its assigned' 

uncertainty is still consistent with this possibility, 

Hass spectrometric st"udies wet'e made by farober and Srivastava <.~) on the reactions involved with vanadium and chromium 

additives in potassium-seeded H2!02 flames. EquillbT'iurn values at an average fldme temperature of 2250 K for the reaction 

cr0
3

(g) ... H
2
0(g) ::: H

2
Cr0

4
(g) were analyzed by Farber and SriV8s(aV<l. (~). They calculated llHf 29 8: '::: -54.6 ! 7 kcal/rnol for Cr0 3 Cg). 

The experimental deteroJ:linatioll of .6Hfiga for H
2

Cr0 4 (g) also required the c.Hf29 8' value for C:rOCg). Adjusting the calculations of 

Fdrber and S'!'ivastava (§) to be consistent with the JANAF aHf 29 8" value for C!'O{g) (1), we recalculate lIHfi9& ::: -72,6 kcal/mol foro 

cr0
3
(g) . 

Defining the dissociation by CrD](g} ::: CdS! ... 30(£), we calculate 0; ::: 14.8 ! 0.4 eV (340.3 ! lO kcalfmoU. This compares 

with DO::: '+.71 eV for CrQ(g) and DO ::: 9 .. 98: eV for Cr()2(g) for similar dissociation,,; (1), 

Heat Capaci 1:y and Ent!'Opy 

The molecular structure is assureed to be plana'!' with D
J

" symmetry. The three Cr-O bond distances are taken to be the same 

as in CrQ(g) (~). The individual moments of ine'!'tia are 11\ ~ 21.10 x 10-
39 g cm

2 
and 10.55 x 10-

39 
g cm

2 

Ba r r<1clough et al. (~) observed a vibt'ational frequency at 95"9 'cm- l in the spectrum of cr0 3 (c) dispersed in a Nujol 

mull, 1'his frequency was assigned to represent the stretChing froequency of the two free Cr-O groups in crystalline 

assume this frequency also represents the stretching mode in the vapor phase. This infrared work is sup?orted by the 

imd Raman studies of Mattes (,.?), The remaining vibrational ft'l!!quencies are those suggested by Grimley ct al. (1)· The electronic 

ground state is assumed to be a singlet. 
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Chromium Subnit~ide ( 

s tal) 

,H)U 

/,Ull 

r'):; 

lC,Ju 

ltOG 

~O() 

l'JJO 

II..Jc.. 
lfr)Ci 

l\,,1.) 

"lJu 
?I':'L' 

• 'J. tJ (~I) 

I 1. ~? 0 
lJ,;4l 

!'J.J'JJ 
1 ,). (,I,~ 
?J. 
~). 'J (U 

!\,/,'}\J 

i:' • . ~,,) 
,,::.ql.J 
c.I,t.JO 
' •• 2,,::; 
~{,. 'I,"J 

~")o :;.J J 
~',.? '- J 

·l."ru 

'I ,,~') ) 

J, ~ ~ ,1 

1.";-':;-.} 

~I-"V 117.9987 

-}!il)hl>/U1()i---_ 

.1;' --j(;'~-H0~9~.lrr l-r-Ir'1\<!< 

l':>.")-J 

]';,""J 

!:J,4iJd 

14,41/ 

ZI,!:!14 

30.192 
3 ~ .... 60 
!'>.d'J 
'R.t!'. 

4J.2Zf. 

'.z. 

4'l.t..,'> 
'iU.'Z,,> 

;;,).)<'0 
',7. 0(H~ 
-)').1113 

()l./I'i 

I';,. JJ0 

1') • .,";0 
;1,.['.4 
1,.'.0') 

Jil • ~ (, 7 
lO. \6,,: 
21. J 3') 
2J.d64 
2'-.0,",) 

2 ~. <.)6 3 
21.l)'. 
<::d. 4 57 

31d1) 
~2. n.:' 

:1-,.-166 
51. J'J9 
1 fJ.110 
3'~. :,!t,) 

"J.'.'>J 

.(JUJ 

.\12" 
1.10" 
I,'.il.d 

5.361) 
!.'jOt 
I. lOG 

11.30" 
~ 3. "9" 

130 

27.65" 
30.2(.0 

,,) .23 ~ 
44.1jl 

'.I.Jljo' 
',0. Lv l 
'iJ.l7 '• 

'JE'.C. 31, 1973. 

- kcal!m(JJ-

~Hr-' 

jv.JJ<J 

2'1.'1', l 
2),-11') 
<,-).633 

d."ZZ 
2'-J.t-!l 
ld.9,,& 
2d.1J4 
(~.,.:d 

ld.li..J'i 
2,.,>cd 
'17.7'1" 
2 7. I.;, ~"" 
"f. ')J9 

U.4Z2. 

zr.G'.>'; 
;7.'))0 

;0.4<, I 

3?/4J 

~(;r 

::'4.432 

,:4,)'1{ 

22. )',,3 
2J.7')6 

79 

- l3. '1_j''j 

i2.31] 

10.10'1 
9. tZ(I 

{.,7ul:< 

6.':>{f 
3,'->37 

1 U.'. fto -

lZ.hl9 

IAli! Kp 

17.9J9 

ll. 713 
12. 

to. 'i2l 

2./)91 

2.llS 
1'/'02 

.'.<;10 

.6"2 

.tlll 

.':1:'4 
1.1)<13 

(C'r/!) (C".Y'>:'A.l.) 

gibbs/mol 

r;l-~J ~ 117.'19"87 

.0 ": 3.0 'CCdllmoL 

.7 :':cal/mol 

N 

r.1edsu!"'cd of cO'llbus1:io:~ o~ c.1romium sv,-,ni,ride c1"t <')3.1:' K. -in-llysis showed the ';ample 

0' 
ava~11ble ell..ii libr'i"m nitrogen 

2 eriel ., ';.:, ~2(.P:) -: 

iol' Cr
2

11 (see below), 

u:,,1.t'/2!t 

F<?C'vdlu"t l(")n of tier' 

.lI.1/'"1' f::or "the 

fr'c-m '!ar,' s d.-"\tCi (J) 

catrl (1) 

-::"1.'3 ~ ! S kcal/1:"Lol. Tbe Idrge .JI"lccT'tai.nry In this "dlvc 

(+7,1) kcalimoU in the ~f{fQ or q) 

:;tudy (2) have been. :'ccen'tl'l ~'/ie",ed for reaction 

third law u3.i.ng revised th~('mal fc.l'1ct"ions 

th., ,"-ct:ivi "tie, 0': 

an'! vclriatlons in 

and "ire assumed to be. 

comnosi ti.~n of 1:he :;ub-

Tiltriue (see Phase Ddta. Set;:tion). Pesults oUr an~l'Jsi3 ar~ taDulilted [)~2.m!. 

D1'i "'t 

The i"v·'st:ir::ation., and no ';Ieight is given 

to q). 
~ tud i (:5 

(.!!., 1} qL ')ur- .,.1. th thdt: se lect,.d ::'y riB:; (- 30. S) 

v<11~,: 0' DeL'-1c.l [,ei tna\.;.er (]) 

.kat Ca"ad.!...Y.2DS! l:n"tn.H)"( 

'Jo ll~",t (;.1,,).].("1. ':y 

)oj::-:-':, '1.0, 

·ib, T'l, V), '..;e Ci11cuL'lL~ 7 {"ibbsim(ll ThiT. 'i_s (l) to r.ive 

This '...:or·ker Fl'!d$Ured <_on tents 

.'2 K) ir, an ice cdlot'irr~ter. In light of 

th.u subnitr-id(' 'odmple used bv rcc.'nt data on th.: :,toichiorr:·:,try of 

Satoh (~) "''''S s~bstoichiQIT.etl'ic. The Idtter '~od(",rs reevilluat<:d the r.eat con,:ent~J r0'JortC'd bv (jj) and or'~ge:lted datu 

'or 

for 

in the t"em:,->Gf'dture ra.nge 293·-18,)1 K. !\ comDaY'i:son 0" t',~il' v"lut' (1 for at IS t: -,Ii1;:-t ~i.'l'.ilClr' data 

tran<;ltion-nle"t.,l subnitrides (].' JJ., and l.J.) inrl~c-:,\res thit it too l"ri';:~ b'f 1-: eibbs/Rol. ,-Ie fi::1d u .lCpfo 

1,1 gibbs/,"lol for scv.:.ral sub'1iLride~ (~, 1~, ,Ina l,~dds to -'i of 15.79 for dt 798.15 K. This 

value i5 aa,:)'pted :lnd Joined sm.Jo,;hlv '.·li_th data. of and Lc~tn,)J.:er (1) neel.r liDO K. CpQ data db<)ve K are obtain~d by 

eraphLcal extr<l::lolation. 

Ph.1~H Dat-"l 

(12) has d("tcr:nim~d the structure of 1:h(: subn:'t~"ioe ph,lSC .lS hex<~gondl bv x-reI\' diffraction methods. and :'Ie l'1o:ica;::",d 

that the homogcnei,v limits extend from th~~ oth,"::, hand, :::ri'<s50 r, (12) reool'ted "that the. ohJ.Sc e:~is ts 

:~ '~eer. C r~0 . ~~n:~~on tcm~e:::~r~ce~~~v ~p:!~ 1 ~ i l:~:; n~S ~:~~:s ;::::o~::v ~:.:~~~~ D::~~: i~~€ ;t"~:~ 4 :x:~,!~e:n::e a h:::~:n:~:':a ~~:'~ t: i th 

temoerQ.tuTe, The lower IlJC1"ting cOP.l:')osition of Cr?X varied widel·r '~'':th t:er.lDBr-ature in t:1e ran::;e 1273-1373 K. <1.t 1273 :<, ~tills 

(~) reported the limiti.ng COr.lpos..i.tion as C"('~n . .ll' ';Ihile at 11 7 , K "the cC'm"osi1:ion was f:Ju:-..G to be er'IO . 3"}' Jt:her information on 

the chromium-chromium nitrice syste:r. !"las bee,. revieh'cd by StOT':i'.5 (]j.J. 

De:cornoos::'rioH ~ 

Mo in!ot'lrL:ltion is available on th~ melting point cf 

.~ 2 Cr(e) • '1.5 N
2
(g). 

~1c ,J.,;sclme that the $u"!:lnitride decomposes Drior· to .'{I.elting, 

is th,~ te~')erature dt ·...Ihieh ,~Gr lor rhe decomoosition ')t'ocess according to the reaction 

.10pro.acl'.es 7.'l1'o. .c.Hd¢ is n8.>:ative of h.:at: of fc-rmat;.on 0: Cr:"! at TeL 

Fl. 
11. 
12. 
13. 
Ii,. 
D. 
15, 
17. 
lS. 

l55 (el, 1? -31-73. 

SSSR., Tnst. Met. 1.0., 283 (1%3). 

\j 

cerlirl, 1973. 
Perga.'l\on p!",~ss, "Jew York, 1957. 

Cont::-'.:lct W-7'lI)S-£n8. 36. August:. 1964. 
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nich~0mium Trinxidp 0
3

) 

T. oK 

C 
)...10 

lUO 

300 
1.0J 

(,:)0 
r:jr) 

dOO 
'100 

"J 

luG 
200 
300 
1.00 

'OJ 

10,,0 
17J<.) 

2JJ0 

<'tOJ 
22JO 
nJJ 
<' ... 00 
.?':>.J.! 

<'I.!,JJ 
2-'-):)· 
,,100 
2~ JO 
~J:j() 

tal) ~F 1'51.9902 

----j:!ibbs/mQI--

CpO S" -(GO-W2li~)n 

.JJ,' 

'" l 
2o. 

2).1'.,) 
2',.)},1 

lel.llf, 

/.) •. ,1.: 
!'J,'J; 
'-'J. 7 ~II' 
;),')"? 

LJ.,)' .. ..,. 
.; J. 1 ~(, 

J·).('''i 
3",')11 
11.[',) 

ll.4i" 
;1.<>/,'. 

'.!.).)-' 
ji.;':'l 

\?J1'i 

J'.<'I 
n."''' 
)1,',,,-
'1.u1 
3':',):\ 

I'."J'" 
j".I71 

.000 l~. r I "r r ~ 
20'012 -'17.199 

10.2'/3 21.046 
1 <t. ~ 96 I ;. \')6 

i'I.,'" 
2f.l'l4 
-';,1'-2 

]n,':;):' 

4\ • ...116 
'.f..!,)" 

" " 
',o.,>/;>4 

~9. 2'.2 
o\.r2b 
lA.~':'5 

00.221 

~[l. 2 l2 
ro •. uc. 
r 2. • 'J'~ 7 

rl.t]'; 
j.,.fJ ro 
<.-:0.162 
(J (. '1 ~'I 
liZ.',,)!, 

.?2.42o 

~ <'. ',d'ol 
26."-)4;' 

2')./.4::1 
jl ... 15 
51. '>I;' 

3J.'.llj 

123 
lOb 

40.005 

"2.',2f! 

r.). ~dO 

4':-. :'66 
f.6.tl-» 

40.1&4 

" .... .,a4 

.,Od57 
)i.Jut. 
"i~. !l') 

flO?c. 

H<)--H"29~ 

J. ()~ J 
),4. 7') 

ti.30tJ 
II·2b 
14.166 

17.1:''' 
J7.1':-':' 
<'G.th 

5-)0 

-k{'aUmol--~~ 

Mlf' uG" 

?71.2L>v 

~ flol d6 
!lJ.Uu 
2fO. J?<'. 

N:J'J.'-I3') 
z<,'J,')j9 

- 2bu.tUt> 
- 10ol.:>"I" 

- ~6() •. >1" 
- 2nd.I .. 9 

269.clOO 
204.6',4 
25fl.Ull 
2':-1.{0' 

25t.':>uJ 

liJ!.d(.) 

Ill". 
- l<>J. f64 

li7.f t.;. 

,ddlud - 2/"1.'1.2 lo - 1 rJ. 
'.2. J!I - 2611.:>1) 
'.';..211:> - 2hd.!)')S 
~.6. ')~l - Zu').<'- n 
'j1.8Jd - 2V).7-.,2 - 14.r.I,27 

5'J.l~1 7J.l/o - It.l.?'') 
':-d.4i'35 - t; l. Jll. 1;4. die 
o 1.ll',..} - ilJ.<'l I l)o • .iu r 

- rJJ.J4{ Ulo'l'i'-l 
r'). '-j 11 ll':>, JJu 

Log Kp 

l'<fl"./Tf: 

Ud.lf( .. 
ILl.923 
104.3'>5 

u' •• DlS 
(U.H8 
00. Itt. 

40.102 

2d.6t1f 
2".<191 

23."":> 
l 1 • t~ ') 8 
1":l.Jl4 
I r. ('co 
l6.11J 

14.1'0';. 
13-.193 

o 
DICHR0MIUM TRIOXIDE (C1'20)) (CR:'STAU ::;rw = 152.9902 

! 2.0 kc.<il/mol 

S29'Ll~ = 19."0 ! 0.3 gibbS/"lol :' -271.2 ~ I-:cdl/mol 
15K .'l] ).:021/1'101 

!i.~:\t -:Jf :ormation. 

r"",O ,"'::ye;,~n bomb ~alorimetric studies on Cr(c) led to rel)orted v;l1u<!s of :!: 0,1: kc,Il/rnol by "',ah (ll and 
-27J .'J • 1,8 kc01lmo1 jy r;ol'.ltvin a'ld '2hi:l'k'uei (~) for 

1-5:' for i1'.c08p1ete combws"tlon and 'l.07~, for i11I"lrities. 
, Th"" 5cv~n r'Llrts by "!i'lh ell itw01v~ corrections of 

ret:oor"t"d t'1at com'lleti.ons cf CQ!llbllo;tion raneed from 9S,JC) to 

98.90;' Of the fourt(>en runs by ';01u'tvin and Chi-r,'k'c:ei. (~), 5e'len h'iQ a. CO:!H'lJeten,:,::;." of CO!p~ustion of 91".88 to S8.96'p, T;,,~.lr 
Tp.norted vaJue is based on un aver2ge the rcsul"ts these seven ('I..;n:; :..rith no correc,ion for inCO'T,D"Je::e combu3t"iCn or 

Lmpuri ties, letter author'S (1,) also stated thilt: 1.~erE' '''1'5 nQ clear de"endence loet'r1een the )lC:lt 01" c:ornc'J.stlon <!nd comple'!e-

combustion. Ei'll'lv cd.!or'tmetric: s;udic5 led tc; rc')ort;od villue'i for o' -'.JELl'. (29B :<, 1) ~ 1.0 (?97 .<, !::.), and 

-258,9 • 'l.S kCdl(!",ol (~'it... K. 

n1.crc ar'E' man'! e'luillbt'i'Jn 

'o'nerp;y of 'ormation E'1uc1tiol' ,)T'esentc:i 

"",-ference Reaction 

a , 
10 
11 
12 
13 

R":iJction A: 2 (:r(c) ~ 

qe~ction B: 213 Cdd 

:: -2'11.2 ! 2.1) 

which ha'le a small third Ll .. 

of the mr>:-e rece:1t stl..:oi.::', t,~bulated ::'elo'r1. The f{"~c 

E'~rli"'l' [''ttl ,1 ibri..ul1'. studies (i), 

'l:-tr;JI'I' /,.,('1 Dri rr iHf;qS' Kc:alf'1'Kll 

3rd Lal" Z1:~2J'i:l1'" 3 rod Law 

i-; an "v,~rn>:e of two c01!lbustLon ~tu:::lies (1, 2) dnd three 

(6_) investi;Vlted ex?erir.Hi~nt.:lllv ::he nWY'iJlodv.'1iJm!c ')rOfJ81't18?; :Jf the chrom1l:m carbides. [')]!;''1 measured the CO(g) 

equilibrium nressure four diS"tinct of oelI' O!n"l'/s~s of ""h('o;(' f011r 811,ilibria (1) 1er1'Js to iHf?98' -?5'l.9 

A,nd2rs0n (~) and 1''')-35'1 K' by Volr;er CD), Llsing tho? 

com::Jln-ttion cf D'2byl': ,~lld ';\Iy'gc,18cl 1)'/ AnJ('r!";~!n (~), cllculate 0.385 gibbs/m01 and'ESr'i 14,3 C,dl/ 

m'Jl. ~oth st(IJie<; (J"::, Tr,e disTJldvc.d dat,1 of 'Jolger lie5 

considerably r'1p-,11cl' thm that ')~ 4r,dt:!r~;on (1::). i:drlv hC!at c,'iI')i1cit" ddta (11"-299 K) b·, !<.ussell (l.§.J is in >;ood agt';;!ement with 

that 0; (~). '"'-nove 3r)5 K the heat can.:lcity VF!1'JCS d<:creasp r"',D1cll'l (-',S gibbs/mol) uDtil 12',-141') '<. dt '..Jnich pain'! tn,: 

values show little ter.nerat'ure, The adot)t'2d Ci")Q vaItle'S below T = 3.'.') K 3.re basc>(1 on the <;tudy by r..nderson (l.::). 
data on ::r;>,))(c) we're measured by Kellev et al. (20IR_1'17i, K, ..§.) and L.a<;chschqnko ,]nd {288-1428 K, L1l. 

The a.;:]ooted hedt cdo.1.city v.)lu.:!s are tlloc;8 ougv,'H;rcd by Kell,.,v et <'11. (§.), (~XC~l)t tht> VD.] U~'S in the r"Elon 35 f)-toOO K dr' 

shifted sliF',!ltly d:J to join ~'lWOt:1J,! '?:ith tlw 10;': tem,('f'd'tU:--e h'-;,-lt cc)f)Olcity resu~r-s (l~!), The d"rived enthalDY values «i,ree 

~i1:h th~~ entl1''il''lv dolt'a o!' Kell<-'! ,,1: ,11. (~) ,0 ' .. dt~!n til" dev'iA."tion or 25 .5" 0cco..:'rring 1t ~'19 1<. 

Pr"l>;e l),HE 

3re'"er (.L8) sumr1drized nh"se :lat,,! and rE'''l::I"(-tpd ,hat Cr
2

'1
3 

h"5 e homof,;'T1('ltv r,lp.r,e o~ x ].:",'.55 for nJ.s 

"the <1-coO".ln(:um s true turf' In,j ,Inti ferromap,n€-ri-:: Hit'1 structural cic:tort"irm 0cc'l!"'rinr, hel~\.; ~'H" C'Jrie' 

J. <:;, Bllr. "line::;, Tech. P")1)er E62 (l'3 l,ll). 
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Dichr0mium Tr oxide 

(L i qu i d) GFiri 151 .9902 

----j!ibbsJm(lI-~~-----~ ___ ~·kcal/mol_ 

T, OK 

IuD 
200 
290 

JOO 
400 
500 

600 
70G 
SGQ 

1100 
1200 
1300 
1400 
1500 

1600 
170G 
1800 
1400 
2000 

2100 
2200 
1300 
2400 
2500 

HOD 
3200 
3300 
3400 
3500 

3600 
3700 
3800 
HOO 
4000 

41QO 

4400 
4500 

Cp~ S" -(G Q -J-F:&n)/r HQ-H"198 

24.320 30 a OlB 30.018 .000 

30 ... 69 jJ.019 e 045 
:37.'.:.69 .31&\HO 2~ 624 

2d.136 43c '21:1 32 ~ 9 ')6 5.3d6 

48.Y21 35.196 8. 23~ 
<;<3.401 37.484 11.142 

2<,1.7D6 Sla 342 39~ 725 14.093 
bO.361 41.681 11.082 
tl4a04J 4)~ 941 ZOe 102 

,0.641 66.950 4:'.~O2 2301 :'2 
30.911 69.627 47.169 26c 230 

t6' 7.::. l. 12 4g~ ')47 29.334 
74.4)1 51.243 32.463 
7t..o07 52~ 862 )::i.bl1 

·~1.9U'. 10e6S8 54.411 38& 196 
32.l'.1 !:lO.599 :>5~ 695 '~1. 998 
37 ~500 E1la"43 57 •. H" 45.224 
37.500 u, •• t.71 58.t.9:' .. a.97/, 
3 I. ~OO /j6~ 394 60~ 032 52. ·12.4 

j 7. :;JJO 8d.22 .. 61.331 :'6.474 
31.500 dSl.'-lbtl 62.594 60.22.1, 
H. ')00 "l1.6 3~ b}.aZG 63.974 
37.5()0 Q3.231 65~ a 13 6 T. 124 
H.50a 44.762 66~ 172 71.'_74-

_ 9_1J.,..J_~3 _____ £I~}.9J ___ 
91.648 68.398 
-)9.012 69.468 

H.~rJO 100 .. 32d rU.509 
37.50l) 101.594 7 ~. 524 90.224 

j l.SOO 1 02. d~9 "{2.515 93.97" 
37.500 104 .. 019 73.41:\1 91.72.4 
H.5JO 105.1 {3 74c424 101.474 

106.2<)3 75c .>45 105.224 
ll)7.3tlO 76.l44 10ij e 974 

37.5JO 106.'.) .... /7.124 112.724 
3 {.sao 109 .. 464 71 ~ -184 116 .... 7'. 
3l.500 110.46'. 18~ dZ6 12J.22'" 
31.''>00 111.438 79.&50 123.974 
3 1 ~ 50(; 1l2.387 BO~45o 127. 72~ 

37.500 113.313 81.246 131 6 '0"14 
11.500 11' •• 217 82~021 1.~)o224 

HeSOO : 15.)99 82 ~ 780 138.97'0 
:3 l. 50:1 11'5.'161 133.524 142~ 124 
H.500 lit:. 'loco aloe 254 140.414 

Dec. 31. 1373 

~Hr' 6.Gf' 

- 24 J~ 3'Jtl - 22'.066 

- ;!26.965 
- 221.537 
- 216.209 

- 242.206 210.966 
- 241 • .:110 - 205.769 

- 200.670 
- 195.";.1,15 
- 190.553 

- 240~~1:I5 - 18'.>. '::13<1 
- 240.420 - 180.'::I4t 
- 240.324 - 175.556 
- 2.'oO.3ltl - 170. ')75 
- 2 ... 0.3'10 - I6S.S eH 

- 2 4 Oe 'j41 - 160.600 
- Z40~ 790 - 15,).~'il4 

- Ztd.LZ5 - 150.574 
2'.1. O~2 - 145.546 

- 2!ol~094 - 140.522 

241.251 - l35.48B 
- 130.133 

124.661 
- 249.788 - 119.20H 
- 249~ 310 - l13.780 

- 108.:)66 
102:97"3----
97.595 

- 92~233 
- 4J9.129 - 84.413 

- 408.297 - 73. bGO 
- '.07.491.1 - b2~ 819 

- '>2.061 
{.l~ 32~ 

- 405.272 - 30~ 611 

- 404. ~85 - 1'9.913 
- 403.<)26 9.237 
- 4J 1 e294 1.423 -
- 402 e 690 12. U6l 
- 402.114 22.088 -

- 401.566 33.303 -
- 401»046 1.3.902 -
- 400»5'::16 54.496 -

400.09d 6~. 068 -
- 399~672 75.631 -

Cr 203 

Log Kp 

!66.{144 

165.344 
121.042 
94. ~o'.> 

76.644 
64.25J 
., ..... 821 
47.491 
41.64~ 

36.863 
32.861 
29.514 
26.028 
;U •• 127 

21.''07 
20.003 
lB.28Z 
16 .. 742 
15.3'iS 

14.100 
12.'nf.l 
II.8"t6 
lO.SS·) 

').<:147 

9 .. 10<;1 
S.·3"35 
7.618 
6~ 951 
6 .. l49 

5.l89 
4.2'1() 
3.448 
Z~ 656 
1.'Hl 

1.209 
.546 
.082 
~ 676 

l~ 240 

I .. 7 7~ 
2.284 
2.770 

DIC'HRrlMIUM TRrOXIDE (Cr
2

0
3

) 

5 2'::18 15 ::: r 30.018 J gibbs/mol 

Tm=2503~}5K 

Heat of forTllation 

The heat of formation of 

between CH;G03-H29S) fo::" the 

Heat CdD.-tci'y and E;)t:l""ODY 

(LIQUID) GfW :;; 1~1.99i)2 Cr-
Z

0
3 

uHf 29S'.lS ::; l~·2!J3.39&] ked/mol 

':':i:r,o = ( 31.0 J l<cal/mol 

t) at 298.1~ r,. is cdlC"..llated from thd."t of the CT'ystCll by adding (lHm
o 

and the difi'er~nce 

and liquid. 

t) J..S estimated to be 7.5 gi.bb"/g-dtom. A glass tran,;i1:ion is assumed at IBOO K. 8elow 1800 K. The heat capdci ty fol"' 

th~ CD~ values are those of crystal with the eXceDtion tr.at 'the values below ~Of) K dr€ a smooth extrapol'ltjon to CpD ::; 24,32 

gibbs/mol at' 29$.15 K. The entropy is calculated in a rr.anner analogous to that uS02d for the hr.at of forma1:ion. 

~el tin8 wata 

The melting point is c:-'osen to be Tm '" 2603 ~ 15 K, as 5ugges"ted by Charlesworth CJ). T'l"iis result: is based on the work by 

Mc."ldlly et aI, (1). The hea"t of melting is iOstimated bv analogy with ~Srn" :: 12.03 for corundum (~). 

l{e fE!rences 

J. H. Chdrles'.-Iorth, AFHL-TR-70-137, October, 1970. 

2. R. N. McNally, F. 1. Pet..-!r:;, ",nd P. H. Ribbe, J. Amer. Ceramic Soc. ~, 1191 (19&1). 

3. JANk'· Thermoch.emical Tdbles: A1 2 J J (c),6-30-72. 

Cr 203 
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~ Hypofluorous Acid ( HOF) 
:0:1 

~ ( I dea I Gas) GFW ~ 36.0058 
c 
g 

a gibbs/mol----

T, OK Cp" S" -(Go-H°:DlI)/T H"-Ho:lllii 

< 
~ 0 .000 ~ooo J NFl NIH - Z.41L -

lOO 7.9S0 455323 61.483 l~ 616 -
• .f>. lOO 8.096 50 .. 859 54.'i4iZ .817 -,·8 8 .. 587 54 .. 174 54 .. 174 .. 000 -
Z ,o0 8 .. 598 '54.227 54.174 .. OU" -
'" 400 9.2L8 56.786 SIt.519 .901 -

500 9.777 58 .. 905 55.190 1.857 -
600 lO.Z3b 60.729 55.9b5 2.859 -

oQ 100 10.614 62 .. 337 56 .. 762 3~ 902 -
'o,j BOO 10 .. 913 63 .. 775 57.551 4 .. 980 -
.." 900 11.211 &5 .. 079 '58 .. 316 6~ OS7 -

1000 it .. 457 6,6 .. 274 59 .. 053 7.221 -
ilOO 11.617 67 e376 59.760 Be 378 -
1.200 11.87!') 68 ~401 60.438 9.555 -
1300 12.053 69.358 61.0a8 10.752 -
1400 12.213 70.258 61 .. 111 11~ 90b -
1500 12 .. 357 7l .. l05 1b2 .. 309 13~194 -
1600 12.486 71.907 62.SS4 lita436 -
1100 12 .. 602 72.667 63 .. 437 15 .. 69L -
1800 12.105 73 .. 391 63.'171 L6.. 956 -
1900 12.199 74 .. oeo 64 .... 65 18~ 232 -
2000 12 .. 862 74.739 64 .. 981 19~516 -
2100 12 .. 9S6 75 .. 369 65.461 20.606 -
2.200 13 .. 026 15,. 914 1b5~ 925 22 .. 101 -
2300 13 .. 088 76 .. 554 66.315 23.413 -
24-00 13 .. 144 77.112 66.SlO 24~ 725 -
2500 13 .. 19'& 11.650 67 ... 233 26&041 -
2600 13 .. 2ltl 79 .. 168 67.6410 27 .. 363 -
2700 13.283 78 .. 669 68$ 043 28.689 -
2800 13 ~3Z1 19 .. 1S3 68~431 30~ 020 -
2900 13 .. 356 79.621 bS .. 809 31e354 -
3000 13 .. 388 80.074 69a l77 32. b'ill -

3100 13~ 41 e 80 .. 514 69~ 536 34~O31 -
3200 13 .. 4"''5 80 .. 940 69s Bas 35.)14 -
3300 13 .. 410 81.35lt 70 .. 227 36 .. 720 -
3400 13 .. 493 at.151 70s 560 38.068 -
3500 l3 .. 515 82.HS 70.8S5 396419 -

3600 13.535 62 .. 529 71 .. 204 40.171 -
3700 13 .. 553 62 ~900 7l~515 ~2 .. 126 -
3800 13 .. 570 83 .. 262 71 .. 819 43 .. 482 -
3900 13 ~58b 83 .. 615 12.117 44 .. BoltO -
4000 13 ~ 60 1 83.959 72$409 46.199 -
4100 13 .. bI5 64 .. 295 72~ 695 47.560 -
4200 D.o2S 84 .. 623 72 e 915 48.922 -
4300 13 .. 6"'1 84.94-4 73 .. 249 50.2ab -
4400 13 .. 652 65.258 73.519 51.650 -
4500 13 .. 663 85.564r 73.783 53.016 -

4600 13 .. 673 85.8.65 1 ..... 042 54 .. 383 -
4700 1'3 .. 682 86~ 1 S9 1 .... 297 55.751 -
4800 13e691 86~"'47 74. '547 57 .. 11.9 -
4900 13 .. 700 8E> .. 730 74 .. 193 58 .. 489 -
5000 13 .. 708 87~ 006 75.035 59.859 

5100 13 .. 115 87 .. 278 15.272 6L .. 230 -
szoo 13 .. 722 81 .. 544 15.505 62.602 -
5300 13~729 87 .. 806 75.135 63.915 -
5400 13.736 88 .. 0b2 75.961 65.348 
5500 13 .. 142 88~ 315 76 .. 163 66.722 

5600 13 .. 7 .... 7 88 .. 562 76 ...... 02 6a.OQ6 -
~HOO 13 .. 1S3 88 .. 806 76 .. 618 69.41'1 -
'.>800 13.758 89 .. 0,,"5 7b .830 70 .. 8"'7 -
5900 11 .. 7b3 69 .. 2aO 77.039 72.223 -
6QOO 13 .. 768 e'i~ 511 77.245 73.599 -

Dec. 31. 1960; Sp.'D1:. 10. 1965' 

---kcai/mQJ 

&Hf ,;Cf Log Kp 

22 .. 806 - 22.806 INFINiTE 
23 .. 085 - Z2 .294 48~ 723 
23~2B6 - ll .. 429 23 .. 417 
23 ~500 - 20 .. 47.2 15 .. 007 

23.504 - ZO.1t51t 14.900 
23.701 - 19 .. 406 10.b03 
23. E1b9 - 18.313 BaGOS 

HeOll - 17 .. 188 b .. Zbi 
24.133 - 16~ 040 5~ 006 
24.2"'0 - 14 .. 87B 4 .. 064 
2 .... 334 - U e 701 ) .. 321 
24 .. 415 - 12.515 2.735 

Z4~487 - 1.1 ~32.z 2 .. 249 
l4 ~ 549 - 1Q .. 122 1$ Bit3 
24 .. 604 a ~917 1.499 
24 .. 653 1~ 1Q9 1 ~203 
24 .. 698 6~496 .. 946 

24.141 5 .. 28.3 .. 72l 
2".780 4 .. 0M .. 522 
24 .. 819 .2 .. 846 .. 3"5 
.2" .. 856 1 .. 623 .. lS7 
24 .. 893 .. 399 .. 044 

24 .. 930 .. 826 - .. 086 
24.909 .2 ~OS3 - .. 204 
2'5.009 3~ 282 - .. H2 
25.050 4 .. 51.4 - c411 
2S.096 5 .. 145 - .. 502 

2S·Hl 6$981 - .. 587 
25.L90 B .. '!!8 - .. 66S 
25.241 g e 455 - . ". 
25.295 10 .. b97 - • SOb 
25.353 11.937 - ~870 

25 .. 412 13.L81 - .929 
25.476 14 6 4 27 - .985 
25.542 15 .. 075 - 1.038 
25 .. 611 16 6924 - 1 .. 088 
25 .. 684 18.118 - 1 .. 135 

25.1bO 19.433 - 1 ~ 180 
25 .. 840 20.689 - 1.222-
25 .. 922 21. .. 949 - 1.262 
Zb .. 009 23.207 - 1 .. 301. 
Z6.096 24.471 - 1.337 

2b.192 25.736 - 1 .. 372 
26.288 21 .. 004 - 1.405 
26 .. 387 28 .. Z76 - 1 .. 437 
26 .. 490 29 .. 546 - 1. .. "68 
26 .. 597 30.820 - 1.491 

26.705 32.100 - 1.525 
26 .. 8,8 33.379 - 1 .. 552 
26 .. 933 3411662 - 1 • .578 
27 .. 052 35 .. 945 - 1.603 
27.113 37 .. 230 - 1.627 

27 .. 298 38w 521 - 1.b51 
Z1 .. ~25 39.812 - I11b73 
Z7 .. 555 -HellO - 1.695 
27 .. 689 42.401 - 1 .. 116 
2.7 .. 824 43.703 - 1 .. 131 

27 .. 964 45.004 - 1 .. 756 
28 .. 105 ""6.308 - 1 .. 776 
.28 .. 2"9 47.616 - 1..794 
28.396 -46 .. 924 - hall 
2e .. 546 50 .. 236 - 1.830 

fiYPOFLUOROUS ACID (HOl) (IDEAL GAS) GHI" 36.005. FHO 

Point Group Cs 

Si9815 54.17 0.05 gibbs/rIlol 

Ground State QUdntum vleight [1) 

Bond Dist:ance: ll-O:= 0.966 A 

Bond Angle: H-O-F::. 96.78-

Vibra tiona): _~,:!~£l~j._~~~!!.~_~~~j._~§. 

0-: := 1. t.1.+2 A 

-1 
~ 

3578,5 {U 

1354.8 {l) 

BS9. ° O} 

Product: of the Momen1:s of Ine!""t ia : I A IB Ie 1.1.+ 741 X 10-
117 

g3 cm 6 

Hedt of formation 

tdff; ::. -22.8 ,!" 1 kcal/mol 

lJIf298 .1S -23.5 1 kca1/mol 

+llHf~ is the value derived by Berko~itz et 0.1. (:!) f::-oom ph~toionization data which gave 14.34 eV as the th~eahold 

of 0 formation, HOt' + h\! -. 0+ + Hf + e. The threshold of OH formation, 15.07 eV for HOF + hv ... OH'+ + F + e , yields 

llHfO:: -21.7 kcal~rr.ol !SS\lm~ng LlHfOCOH+) :: 307.5 ! 0.5 kca.l/mol from Dibeler et al. (1). The latter o.U:hors found IS,05 ev 

for H
2

0 + hv ... ot! .. H ... e. 0'.Jr adopted value for liOF differ" by only 2.5 kcal/mo1 from the: mean oHfO of H2 0 and F20, 

namely -25.3 ,keal/mol. 

Heat Capacity and EntT'Opy 

Vibrational frequencies are from gas-phase infrat'ed spectra of AppE~lrran and Kim (~) i the values a.re confirmed by IR 

spec"tra of IiOF isolat:ed in a rI'atrix of N2 (=). Structural parameters are those derived by I-'earson and Ki;r. (J?) ft'or.r 

centrifugal distortLon analysis of mm-wave ro'taticnal spectra (~, §) of lIOr <lnd DOF. Hi! use the atomic coordina.tes (~) 

'to derive 'the principal momen'ts of inertia" IA :: 0.1'-'33 'X 10-39 , IE x 10-
39 

and Ie :: 3.2901 x 10-
39 

g cm
2 

and 

their product:; 'the corresponding bond distances are 0.96648 and 1.44215 , slightly long~r thdD the :-'otmded values 

(~) li~tcd above. The earlier study (.§) gav~ 0.964 ~ 0.01 and 1.1.:.42 :":: 0.001 and eo bond angle of 97.2!: 0.6°. 
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Lead Monofluoride (PbF) 

(Ideal Gas) GF',~ 225.1984 

T. "K 

o 
100 
200 

2.' 
300 
400 
500 

'00 
700 
.00 
900 

1000 

1400 
1500 

1600 
t 700 
1600 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2700 
2eoo 
2900 
3000 

3100 
3200 
1300 
)400 
3'500 

3600 
3700 
3600 
)900 
4000 

4100 
4200 
10300 
4400 
4500 

4600 
4100 
4BOO 
4900 
5000 

5100 
5200 
5300 
5400 
51)00 

5600 
5100 
S900 
5900 
6000 

~~~-gibbs/mol--

CpQ s~ -(G~-H":Hl!j)rr J-r-H~l.llg 

.000 
1.033 
7.703 
B.221 

8~22q 

8.514 
8.615 

B.715 
S.843 
8.891 
8.929 
8.959 

8.987 
'iI.013 
9.040 
9.069 
9~ 100 

9.135 
9.173 
9.214 
9.258 
9.305 

9.354 
9.405 
9.451 
9.509 
9.561 

Q.613 
9.b64 
'9. 7l 4 
9.163 
9.611 

9.851 
9.901 
9.943 
9.983 

10.022 

10.059 
10.094 
10.128 
10.160 
10.190 

10.219 
10.247 
10.273 
10.298 
10.322 

10.345 
10.368 
10.389 
10.410 
lO.430 

10.449 
10.468 
lO~48o 

1005o" 
10. '521 

10.538 
10.555 
10.571 
10.587 
lO~ 603 

.000 
51.460 
56.532 
59.114 

59.165 
62.175 
64.094 

65.685 
67.0lt3 
68.221 
6<;1.211 
70.2i'l 

71.075 
71.858 
72~590 

73.251 
13~878 

74.466 
75.02\ 
75.546 
16.046 
76.522 

76.977 
71.413 
17.833 
78.236 
78.625 

19.001 
19.365 
79.118 
80 .. 059 
60.391 

SO.714 
81.027 
81.332 
81 .. 630 
Bl .. 920 

82.203 
82.479 
82.748 
83.012 
83.210 

83.521 
83.768 
84 .. 009 
64.246 
94.478 

84.705 
84.928 
85.146 
65.360 
85.571 

85.778 
85.981 
8b.180 
86.317 
86.569 

96.759 
86~ 946 
B1~ 130 
87.310 
87.488 

INFINITE 
66.653 
60.452 
5g e 114 

59~ 714 
60 ~041 
60.666 

61 ~374 
62.0Bq 
62 ~ 784 
63 .... 48 
64. Q7q 

64.671 
65.243 
65.780 
66.290 
66~ 775 

67.238 
67.679 
680102 
68.501 
6B~ 896 

69.270 
69.630 
69.978 
70.314 
10~638 

10.953 
71.258 
71.553 
71 .. 841 
72.120 

12.392 
12 .. 651 
12.916 
73.168 
73.414 

73.654 
13.889 
74.l18 
74.343 
14.563 

74.778 
74.9S9 
75.196 
75.399 
75.599 

75 .. 194 
75.986 
76.175 
16.360 
76.542 

76 .. 721 
76.891 
77.070 
17.241 
71.409 

11.574 
71~Bl 

17.997 
78.055 
18 .. 211 

- 2.215 
1.51 q 

.784 

.000 

.015 

2.587 
3.466 
4.355 
5.24t; 
6. ~ 40 

7.038 
7.936 
8.S40 
9.746 

1 o~ 6'54 

11.566 
l2.481 
13.400 
i 4.324 
15.252 

16.185 
l" 0123 
18.066 
19.014 
19.968 

20.926 
21.890 
27.6'59 
23~ 833 
24.~H2 

25.795 
26.783 
27.715 
26.772 
2').772 

30.776 
31.784 
32.795 
33.809 
34.821 

35.81,7 
36.870 
37.696 
38.92'3 
39.956 

40.9Sq 
42.025 
"3. 063 
44.103 
45.l45 

46.189 
41.235 
48.282 
49.332 
0;0.3B3 

51 ..... 36 
52.491 
51.547 
54.605 
55.664 

kcal/moJ~---~ 

~Hr 

IS.700 
- 16.714 

18.992 
l'L184 

19.18a 
19.386 
19.602 

- 19.836 
- 21.7'50 
- 21. S17 
- 21.776 
- 22.032 

22.280 
- 22.519 

22.154 
22.987 
n.llB 

23.451 
- 23.684 

23.920 
- 24.156 

24.394 

- 67.084 
- 61 .. 233 
- 67.3<,16 
- 67.581 

67.783 

68.002 
- 68.231 
- 68.489 
- 68.756 
- &9.036 

- 69.332 
69.638 

- 69.954 
- 70.278 

70.609 

- 10.946 
11.287 
71.630 

- 71.976 
12.322 

72.668 
- 13.012 

73.354 
73.694 

- 74.029 

14.361 
74.&88 

- 15.011 
75.329 
75.642 

- 75.9S0 
- 16.252 
- 76.550 
- 16.843 
- 71.130 

17.413 
17 .692 

- 77.965 
- 18.236 
- 76.502 

<lGr 
- 18.100 
- 21.006 

n.150 
- 25.l't9 

25.l86 
- 27.155 

29.074 

- 30.946 
U~567 
] ... ~ 189 

- 35.757 
- 37 .297 

- 36.R12 
- 40.)03 
- 41.77'5 

43.231 
- 4"'~666 

- 46.090 
- 101.497 
- 48.8'B 
- '50~214 

5l~641 

- 51.446 
- 50~b99 
- 49.943 
- 49.179 
- 46.410 

- 41.631 
- 46~ 842 
- 46.046 
- 45 ~2 38 
- 44.423 

- 43.598 
- 42.763 
- 41.'118 
- 41~063 
- 40.199 

- 39.324 
- 36.441 
- 37.547 
- 36.648 
- 35.740 

- 34~ B21 
33.8Ql 

- 32.957 
- 32.012 
- 31.063 

- 30.103 
29.141 

- 28.163 
- 21.1B6-
- 26.202 

- 25.211 
- 24~209 

- 2'LZ04 
- 22.l'97 
- 21.184 

- 20.16] 
- 19.1"'0 
- 18.106 
- n.on 
- Ib~038 

June 30, 1952 i Dec. 31, 1973 

FPb 

Log Kp 

f NF I NITE 
45.908 
25.291 
18.435 

18.He 
lto.837 
12.708 

11.272 
IO.l74 
9.340 
8.663 
8.151 

7.111 
7.340 
7.023 
60749 
6.508 

6.296 
6.106 
5.936 
S.783 
5 .. 643 

5.354 
5.036 
4.746 
4.478 
4.232 

4.004 
3.792 
3.594 
3.409 
3.236 

3.014 
2.921 
2.716 
2.639 
2.510 

2.387 
2.211 
2.159 
2.054 
1.953 

1.656 
1.764 
1.675 
1.590 
1.50<) 

1.430 
1.355 
1.282 
1.213 
l.l45 

1.080 
1.017 

.951 

.898 

.B42 

.781 

.734 

.682 

.633 

.584 

LEAD MONOfLUORIDl: (PH) 

Ground State Configuration 

$298'.15 :: 59.-71 '! 0.05 gibbs/mol 

We 507.2 cm- 1 

Be 0.2288 cm- l 

He a }: .. 9.f .. f.R.r".11l9J:i.Q!'l 

(IDEAL GlI,S) 

Electrqnic Levels a.nd QUdntum Weip-h'ts 
I 

State .=.~ £i 

8754.7 

A [ 22556.6 [2J 

B 2!~ + 3564.'3 

w X , e 2.30 em- l 

C
e 

:: [O .. ()013) 

Gf'W 02".19" FPb 
llHf~ :: -18.m '!: 2.5 kcalfrnol 

tiHf298.15 :: -19,18 ~ 2.5 kcallrr.ol 

Ce 
? .058 

Rosen (J) lists DO ::: 34.0 ~ 2 kCdl/moj derived from 'the mass snectrometric work of 2mbov, Hast:'e, and Margrave (~). 

The partial pressures and log K for the Pbf 2 (g) -I- Pb(g) ::: 2Pb'f(g) retlction in the latter reference al:"e inconsistent:. 

Third lilw calculations show that the log K valuE' corf'eSDonds to the heo'l.t of reaction given. The dissocia.tion en'ergy 

cdlculated by the linedr Bi:.rge·Sponer· extrapolation of the adopted ground state vibrational constants, as deI'ive:d frem 

emission dna absorption spectra (\1,0-13) (1,. ~), is 3.44 eV. Correcting this vdlue for the ionic character of PbF as 

suggested by Hildenbrand (~) gives DO ::: 3.64 eV (83.9 kCd1/rno1). The upper limit of the value r"2cormnended by Gaydon (.§.) 

(3 ~ o.s e.V) f.alb ,21. 80.7 kcal/mol. An intercomparison of the dissocia.tion energies of the lead C2}, mercu!'Y Cl), <.lnd 

potassium (2) rronohalides indica'tes 'tha't DO ::: 84.0 ~ 2 kcal/mol is Teasondble. Combining this with g) 

= 46.91- ~ 0,13 kcallmol C]) and g) - 18.36 ~ 0.40 kcal/"no1 (]) gives /\HfO (PbF, g) :0 -18.73 <.: kca.lIF..ol. We 

adopt ~HfO (Pbf, g) ::: -lS.70 which 'is consistent with the above. i'lHf 29S (PbI" , g} " -19 18 !: 2.::' kCrl.]/ruol 

is calcllla'ted from !~Hf;;. 

Heat Capcici ty and En!'ropy 

The vibra'tional constants, ttle eJectronic states a~ld levels, and the rotational constant dre those recommended in 

(]) with the following modifications. The state, Unassigned in Rosen CJ)) is tentatively clas:sed as 

accordance with the prefeJ"ence for expl'essed by BdI'TOW 8t .11. C.~). If the state is 2Jj rather 

the entropy is incred~ied by 0.005 eu dt 4000 K and 0.05 eu at 6000 K. The C and higher (OlectI'Qnic states (],) 

have been omitted; inclusion increases the E:!ntropy only by 0.005 eu at SOOO K. = 0.2288 crn- l 

is obt<Jined by an cot""rectlon to BO ::: 0.2291 given in Rosen (]), dnd ::"'e ::: 2.058 from Be 

compares I-;'ith I'O = 2.J51 giv,~n in Rosen (j), The value for a
e 

LS calculated assuming a Horse potential function. 
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Strontium Monofluoride (SrF) 

opal 

T,1< 

lOU 
200 

29" 
300 
400 
500 

60U 
fOO 

"'0 
900 

1000 

1100 
12UO 
I,UO 
'loaD 
150(} 

1600 
1700 
1000 
1900 
2000 

2100 
.22UO 
2300 
2400 
250U 

21>00 
2700 
28VO 
2900 
3000 

310u 
3200 
3300 
3400 
35JU 

]600 

HOO 
)dUO 
3900 
4000 

<0100 
4LOO 
<"100 
44(')0 

.. soo 

46JU 
470)0 
4800 
4900 
':IUOO 

';luO 
':>2uo 
~300 
,,,,OJ 
:>50U 

56UU 
5100 
5300 
')<;i00 

6000 

Sas 

Cp" 

.000 
1.0':'0 
7.126 
8.242 

B.2'.<; 
6.<;29 
8.oB7 

S.7t1S 
8.d51 
8.d98 

8.934 
H. ~6) 

8.'>/:18 
'J.009 
'i.02ij 
9.0"'? 
.... 061 

'i.u 7! 
q.o·n 
9.10! 

". 
9.156 
9.175 
9,1':06 
9.220 
9.2'.6 

9.215 
9.301 
9.3';3 
9. )d; 
9.424 

9.410 
CJ.O;l<J 
q .572 
9.629 
'i, cSG 

o. 

9. 

10. lOb 
10. 1 ~4 

10.514 
10.5"''' 
10.6db 
10.713 
10.861 

10.<"1<;9 
11.038 
11.126 
II .21 ~ 
11.30) 

II 

11.56) 
11. 649 
lI.73) 

GFI~ ~ 106.6184 

-I>:ihbs/mol-----
S·, _\(;O_HOZll~)rr HO-H<l7\i~ aHr "G~ 

.DuO 
49,04'> 
~4 .12} 
51.315 

'57.366 
'5').7<:1.2 
61. 71.)) 

63. ZC;7 
b4. 6~6 
1'>5.841 
66.091 
67.834 

68.69C 
69.473 
70.194 
70. Sol., 
11.48'-1 

12.074 
12.625 
13. l45 
73.63!J 
74.10<':> 

7'.,55;,: 
14.9{9 
7:'.38' 
1, .11'1 
76.156 

76.'J 19 
70.870 
11.20", 
77 .537 
17.856 

7d.l.bo 
It;.461 
7ll.76] 
F).041 
79.321 

79.6()1 
19~ a/:>9 
80.13l 
!lO. ~90 
80.643 

60.tl9i 
IJ 1 ol36 
81.316 
61.b13 
1l1.847 

82.011 

8l.%8 

a:L«H 
63.YH 

cl4.226 
/l4.430 
84.631 
8'<.tll'! 
95.026 

!NF Ir-.:ITE 
64.215 
~8. G 55 
51.315 

56.26<; 

58.918 
59.694 
fe.HO 
61. C~5 
61.081 

62.285 
&2.852 
63.384 
6).900 
b4.Hl'.:> 

64.t!41 

oS.l8'! 
6'5. III 
b6.115 
66.::>':}) 

66. d16 
6( .23'1 
6 f, seD 
61.<:l14 
68.2.'16 

66.5'.8 
6!;1.d4<J 
6'>.142 
6'9.426 
69.701 

69.HO 
70.130 
70e'ill" 
TO.732 
7e.97', 

71.1I0 
n.440 
11.665 
n. dab 
72.10i 

12. 

"" 
13. J 10 
73.4")9 

13.6tl5 
n.!l6iJ 
14.J4d 

1' •• 511 
14.740 
T4.90t 

15.1)72 
f::..2J4 
7'.;..1';'. 

f5.'>53 
15.rO<;l 

- 2.119 
- 1.523 

.Hl6 

.oao 

- 10.04.-. 
10.0t5 
10.219 
70.400 

.015 70.404 

.u56 - 70.607 
1.717 - '0.848 

2.591 
3.413 
4.jtd 
?2 ~2 
6.147 

f.045 
7.94'5 
8.8-46 
9,750 

10.655 

- fl.U2 
- 7i .461 
- 11.860 
- 12.41;l4 

12.'131 

- f5. )J4 

15. on 
- 16.082 
- 10.412 

16.862 

10.044 
12 .l!:!5 

- 74.469 
- 76.5,<,1 

76.5 fa 
78. bO~ 

- 60.~78 

62 .... 98 
84.366 
86. 

'13.971 
<;501)9 
,-)6.6/,; 

562 - 77 .25~ '17.931 
110.211 - 98.HU 

- lto.Zoe;, - 91.66t 
- LIU.317 - ',llh'il59 
- IILI. H.9 - 9&.2., .. 

16.1.20 
17.036 
t1.9,5 
l8.676 
1 'I. 79'1 

- 110.425 - 95.548 
- llU.48,. 
- 11 U.541 

110. ti6 
IlO.6':ij - '1/..6'1L 

lG.U~ - IIC. US 
,21.6~4 

22.581 
23.523 
24.463 

'il1.910 
91.14~ 

90. '10 
1:i9.782 
1l':<.046 

25.408 Ill. '020 Bt!.3C2 
2b.J571il.60r d7.5'j4 
27.312 - Ill.b18 26.79M 
?6 •• nz 11/..0,)7 66.0.H 
l<;.231l 112.3/.4 1:l5.267 

;0.210 - 112.621 - 84.4'10 
H. I all 
12.17.1 
B.lo:' - lt3. 
3<0.164 - l14. 

3:'. t 71 - 114.620 
H.le6 rL!.>olll 
31.20tl - Il:'.b70 
38.238 
39.277 

40.,24 llt.507 
41.36'') IlB.ld6 

11'1,6JI 
- 120.3':13 

80.460 
79. b21 

- 18.1bd 
n.904 
77.026 

76.134 
75.227 
74. 30~ 
73.309 
n.4L7 

45.6u9 121.UH - 71.'051 
46 4 189 - 121.<,i1l9 70.466 
47. /;J1".;7 69.461 
49 4 a 14 - 6tlo 454 
SJ.l'tO 67.424 

'1.27S 
'>Z.<tl8 
').'1.510 
~4, T:n 
)5.9CO 

125.H4 66.311 
6':>.31:> 
64. ZJ8 
63.147 
()Z.03':/ 

Log Kp 

I NF INT IE 
157.9]9 
a1. }99 
56.105 

30.05C 
26.340 
2J.:'44 
21.35J 
19.581 

U:;.112 
t6.86l 
l!i.1'N 
1'0.8/13 
l4.DB'S 

1I 
10.513 

'1,944 
9.421 
8.944 
i!. '506 
8.1(.13 

i.131 
1.386 
, .065 
6.766 
b.4!H 

6.20<''5 
'5.91:\.) 
5.-(I,B 

".129 
'.,944 
.. ,761:\ 

4.289 
4.143 
4.00) 
3.810 
j.T"'1 

3.611 
j.4<;1,j 

3.383 
J.? f2 
).165 

3.lJb2 
2.962 
2.8&,) 
2.771 
2.b19 

2.5<;lU 
2.")04 
2.421 
2.339 
2.?6J 

STP,OllTIUl1 ilGliOfLUORIl)E (Sr'f) 

G:""ound State Confi8.uf"<ltion ?;(' 

$298 15 5-1.32.! 0.05 Si.t:ts/m..--:l 

499.0 Cf.'-l 

!:le C .2!.olH., C;:1-1 

)-,eat of f,):':;lation 

(IDEAL GAS) 

electronic Levels .an:o:..yuanturr ',;e 13.".t5 

~;ta te 

B 21: 

C 2;[ 

l.J 2 Z 

? 2 

_tL' 

15067.8 

153 1'8,5 

11303,1' 

:.;7383.7 

:;:B296 .E 

3l528.7 

31&14.8 

3213~ 2 ,\.) 

J ~j '/ 5 9 • 2 

""ex", 2.15 cw-
I 

a\3 '" [0. 001.4!l I 

g. 

:;n1:: 106.5134 FSr 
if; :: -70,2 .! 2.·) kcaJ Imol 

M-lfi9S 15 ·70,4". 2.0 Kca1/wol 

~ , 
re iJ7S7 ~ O.COOS A 

i:1u~libr'i,(I7l constants ror four uissQcialiun equilibriu hr)'.Ie been Jeterrnin"d from 0b~iervdtions maGe on the condensed phdse 

l>een 

q), Sr? 2 -id (0, and 

fro;:1 tJlese J~p ddtd l:y 

'l-ill (ll by "the !;"ass o;p2ccro!':letrlc- v.nuds€:n effuo;ion method, [!E:,,1.S of r'eil.c1.10n have 

second ",nd t~it'd law I~ethod::;. :'Zesults of our andlysi~, art..' ei.ven. t'~low. Also 

incl.udcc below is a '.I<lluu for- the nCilt of dissocLnlon. of 3r: which was determined fror!' spec..lrophotornctric studiros (,2) of r'CdCt.2.0;) 

. ~'ji.libria in !!2-02-Jl2 flar.les, 

Invest~lCl.to" 

Ilild€:nbrand (!.) 

llildcn.brand (2:) 

L:r-·lert. et <11. (?) 

r:hl ert al. C.?) 

;-.\yabo'.lcl <Inc] GWr'vich C,;J.) 

:lange. r. 
l'fH-15S:; 

143f;-1525 

1174 -1"90 

1125 -Ii 9'l 

Po.!.n~~ 

10 

," 
10 

23 

4.3 

8.1 

12,,6 

137 ! 7 

kcal/rnol 

3rd : . .dW 

25.l.!O.9 

0.".:0.1 

IO.5!G . .3 

-1 1 C , S ',1 • ~ 

Dr·ift 

1.".:4.7 

-1. 5~4, 0 

2 , C~_l. 0 

S.l!2.7 

.) 

-70.1~2. 7 

-71.0.".:1.0 

-70.0.!4,O 

-67.k.l.3 

-73. So.!B.O 

RCdctions: C ... ) 7:;r(p) 

(3) Sdr.) 

(e) S:r(,.;:) + 

2Sr:'(e} .. 13Hz) CG) 2:::rf(/::) ~ Sdg} j. :';1'f 

:?:}rf{g) (I:) Srr(g) ':: Sdl) + 

t ~rf( e; l 

poillt: rCl€cted du~ to fd.:i lure of ,1 stcltistical 

-271.42; BF{Z), --27.7; Srf,,(e») -lSJ.l; 

I t is b2lil.;;!vec1 tlldT: the J<p da"t'l for' 'the tr,rec twmogcl'eows reuction~i (fl., B, une: C) dre more re: idble than those for the 

heterO&;8neou:;; rea.ction CD) due to tl'~ ncoed for d machine calibriltion. con:itdnt >-.'hLCh dppears in th", eqllilibrium expression for 

the latter, i:hlert cll. (!!_) (:Jetcr·r.lnr::d this COflstaD't frorn vapori'Zdt~0n eXPQr·i.;nen"t,; perforrrlf"d ·...ILth silver conLained in "their 

Knud,;e" cell. This belief is further substantiated by tIle appc<lrclnee of the !"'a:ther large positiv~ drift in 'the "third lat.J analysis 

01- "their Xp ddtd for r~C(ctio", (D). 1,1so, it is fel, that the _1:[ vdlwe obtained from t.he flamc-:.pectror-llotomE!'tric '3tudie5 (~) is 

perhaps somewh,.I1: 1(:S5 reliable thcln thl' three va.lue:; dtTived £r011' "(I,e Kr data for the homogeneous reac"tion~. Thus,,, mec.!i.:tn ¥dlue 

,g) -70,4.!: '~c:ll/rrol of tne laer",!' ro:.:::>ul is dcloptcd. The adopted value correspond::> to ,J, dis!:ociation en,~!"gy of 

127.7 1:.( . ..l1/[;'01 (S.Sll ,-,'/), 

Spectroscopic valU"'5 foI' D~ ~ils(:d on .-'1. lin·~.:J.::- lJi!"r.I~-~poner extrapoldtion of tl,e t1;round SLate (X 2;,:) vLb:""dtional levels (v,0-4) 

ha.ve heen reported ciS 3.2 (~) and 3,:; cOJ (~). l!owev,:r, it is well €f.tab-lish~d now "tha.i: the linear cxt!'"-ipOlo1tion (~, ~) sener-ally 

un('krcstiT:1<lt:es D~ if t!,e Dincling of the ITLolccul" lS p,lrtia1ly ionic. 

][i.ldenbrand (~), "th~sc v<ilue~ .. HJjust ,0 5.4 t~V. The l",tt~r 

chemical value, Other 3pcctroscopic valuo:::: (J.) i.nclude 4.C (fro1:l A 

J::'ssoCi<ltior~ from "the two excited 0' iJ.S::;UIl'Cej to be 

~~~_~ Capacity and Entropy 

Basad on tbe ionic cha.ra.cter' correCt ion sugr;e~ite<J by 

i, .lgreer:',lnt '",i th ~ "the ddop,:::cd thermo

J,;.7 ir:e prodUCeS of 

111C !:>pectroscopic datCl. ·.~i"til tl.e excc:p1:1on of t:v," \la1u,~ fo~ a
c 

o.Irc.: ICS,~ given b'y Ros(!r, (§). L: is C'llcllla.ted from the other 

cons'tclrlts C!.ssllmirlg d [lor's.e pOL8ntiill funcri.on. The ",lectI'0nic states level::; arc also -taken fran' tli~ cQ.'T1pilu1.ion of Ro~en (.§.), 
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I (L~a I 

T, 'K 

o 
100 
200 
29ti 

300 
I.UO 
S;;O 

hOO 
lOa 

quO 

lOCO 

1100 
ll00 
1100 
14",0 
1)[)::> 

IM.lI.l 
1 roo 
l.:lOO 
l'1UO 
2000 

2100 

'::'<1.)0 
l::>DO 

<'bOO 
2'0:) 
lBu-.l 
2' ... )0 
)0')0 

)100 
j;'OO 

3300 
HOD 
35QO 

3600 
HOD 
1801) 
'1YOO 
'.0,,)0 

4100 
"2JCi 
4 ,OQ 

"iOO 

<,(,(;Cl 

1, 700 
'.;[lOll 

"'JOO 

')\'JO 
,:>ZUG 
~ 3UJ 
.,"'00 
;,,5uO 

<;6:.)J 

'.:>900 
0:)00 

~ \ ,-,as (~- Vi - l!J 6 . 61 '78 

~~~-l!ihhs;J1l01 ______ -kcal/mol --~-~ 

Cp" S -{(; '_He ".,><)rr H' -lr2~~ ,1fU' 

l:!.i0J 

M.I)S 

S.'.2" 
8~'608 

e:7.;) 
a~ 800 
S. d5') 
b.897 
a.'no 

S.960 
tI.9B":! 
9.0n 
9.061 
<) olll 

9.1 Ii, 
9.257 
Q.),)8 
9.1,{S 

<).619 

9.7Jl 

tw.832 

11.{'H 

1 J. OlO 
130112 
\).)",8 

I).t,l', 
13. ,,29 

13.614 
13.6'1'. 
13.138 
1 ~. 77 e 
13.t.>04 

[l.el) 

l:1.l'Jt.:> 
13.fll 

',8 

,,~ J 

13.4)1 J 
1 

';.').62';> 

0;5.&75 
')8.1.)':0<;' 

59.95(:1 

!.>l.']6 
t.2.1:Jt:!1 
b4.i.lbb 
/)').i\! 

b6.U':JU 

66.903 
07.b34 

btl.40' 
69.07S 
1>'1.701 

70.291 
10.1350 

~ tlZ 

". 
1').U I.5 
75,45€ 
7S.llo') 

71.053 
77.419 
7T .131'l 
78.194 
71::1.564 

78.9?'! 
19. ~ d 7 
1<;.641 
79.988 
tl\).l2~ 

tlO,061, 
80.'l'n 
!H.311.' 
81.632 
dl.942 

til.. 246 
di.')l.} 

ti2. il34 

83.66'> 
53."'/) 
c' •. IS{' 
3' •• l,~l 
r\, •• 7:;(; 

134.94'. 
t;;'.1f!2 
8?<.1':> 
1j'),643 
85.866 

'>';.',2';> 

56. 56 ~ 

'.i7.Z66 
,:>7.·n5 
':IB.&6'. 
~q. 121 
')'}.950 

nO. ')44 

bL 
6".1'.8 
62.,:.3 1 

H.091 
63.'dZ 
63.'1':>3 
64.J'J7 
64.1'.6 

65.121 
/-''>.-'003 
65.633 
66.17J 
66.50l 

6b.B?) 

" 
68. 

68.3l3 
68. "'92 
btl.db<';-
6'<.13:> 
6<;.31j9 

6'>.1.>59 
99.'>14 
10.16',. 
'0. 

70. tl'76 
71. 1 3) 

11. J610 
It. ';ir,6 

1 i .tl2Z 

72.C46 

13.117 
1 J. 322 
n.').2') 
73. 
n. 

14.ill 
7/ •• 3C9 
7'-0. {.<";a 

". 

.000 

1.6"·-;' 

2.5G2 
3.'.39 
4. "122 
':>.Zoo, 
6.101 

1>.99') 
7 ,,19 ~ 
8.791 
'l.6<;7 

lO.6iJ6 

It.'.:>20 

112 
1 ... 11(' 
1',..26a 

lS.dl 
\9.l'HI 
20.300 

21.3n 
2l.4H 
23. '.>92 
2 l ,.r)6 
25.90J 

3G';i 
2 C;. ~t.,:::; 

3 j .177 
".,<.>bl 
;6.U06 

;7.3'.2 
·\S.6<'C 

4Q.U41:! 
41, 41 ~ 
42.U;4 
<;'4.1(,0 

45.5:n 

41.:.':1lU 

.. 8 • .:l02 
4').,,&4 
')1.06-, 
52.41,3 

53."l'> 
~'.i, l 90 
')~,. ') ') 3 
<;.1.92L 
7'1.27· .. 

<>J.031 

1":>1.'''1 
63.317 
64.6';)1 
65. (119 

llec. 31 

4r.lrJU 

4r.10" 
47.386 
<"'.633 

'-o!.839 
'07.'1'-1':0 

4d.094 

" eG9 

46 ... 49 
'.6. ')~9 

'.6.672 
[4.21ti 

16. 

15 

lo.251 

U3.BiJ4 
l'l.H;' 
1'l.<J4f! 
20.'j26 
U.106 

2.1.(,P.t, 
2.2..,:'0[ 
22 • .-320 

21.<;00 
2d.tU'i 

~" .}O} 

<S. 

" i91 

190 

..l.(;r '...,g Kp 

j'-!. 9 7r - ).,.104 

39. '133 - 29,091 
:H.'l()Q 20.41;9 
h,'l9" - 15.':98 

- 1[.82 i 

217 -
24.608 -
U.099 - i.,fHO 

19.o!1 3.tI'Id 
"1.133 

L". 2.4134 
I.n! 

'-J.407 1.441 

(.4':>':1 loOl') 
5. 'JlJ .76J 

.b':Jr 
4.079 ,';61 
".326 - • 47) 

J. 14b - .390 
3.1,<" .312 

.239 
1. .170 
1.1--.':' .te:. 

.5U6 

.209 

.944 
1.700 
2. 1,11;l 

".27:. 

,. ,. 
b.bn 

7.:'1" 

lll •. Db 
t101bd 

1{ •• Of 3 
14.976 
1':<.4i,{ 

1".421 
1/ • .'1<;'1 
ld.tl!& 
19.a'jd 
?'J.l1 i.2 

21.827 

d. 
24, 

2. '). I,,, 

7.21 

2.tl.1:>62. 
2' •• 62& 
38. '>.:<9 

, D4 ~ 
.017 
.Of'. 
.ILtI 
.180 

.231 

.219 
.5<:0 
.311 
,4\4 

,456 
,4')7 
.::>36 
,5f4 
.1'1\0 

.045 
.619 
.7l? 
.7' .. " 
.77') 

,oU', 
.832 
,d,9 
.81::16 
.'d[ 

.93'.> 

1.002 
1.023 

1.0'.J 

LIII, 

(';rf ~) (TrJrl\l . 

Ij' 

1 ~ + 

.(.-

1 c':'-

lG.nn~J 
-1 ,-",-I 

po tel) t i.Cl 1 (.:~:) 0 ~ :'1.3.: 

. 0 ~ v·", [', '. 
,-:-F i'.> 

l], 

::;r·] " lCr,. G1·/8 i 0[ 

;,1 }:(""o, lI::L.Jl 

[l.)·'J 

); (.l:.), cd, 

:'rHr,) • ";r:· (g) 

II r::C~rr, 

C.~) ail ':'on.i.zation 

lnG tr,.; jH'0CCSS t-J 'Ic 

HI.I ~l.J "ca.ll:~o;. oa1:1:)':' ,~ng dt0ve re5ul to;; 

l.2(3} c.h.te,· 

l:l/J, 

!.iy _·y::--in&, 

I), 

0: '.:::-r( i!.!. T' 

va.lue 

LJ ta for 1..;-,02 

Co 

(~l ) , 

tl~ose whic~ 

irl,-iuJcd J.l:'C 

',m'lc·c.j reo!;"' those. 

ro:;p(:::::t i v,~ ly, 

Fr·-::~s > 

f- Sr 

Co.. » z » 
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Lead Difluoride. Alpha (a-PbF2) Flb 
(Crystal) GF!1i 245.1968 

---gibbs}rnol----~ kea.1tmoi 
T. OK Cpo " -(Go-Ho:na)(f W-H~298 ~Hf' AGe' log Kp 

0 
lOa 
200 
29B 17.2.70 27~OOO 27.000 .000 - 161.800 - 150.789 11 O~ 5 3) 

300 11.300 27.107 21.000 ·032 - 161.794 - 1'>0.121 109.800 
400 18.180 32.1 6 0 Z-1.666 1.798 Ibl.450 - 1~l.O80 80~ )61 
500 19.050 36~J37 29.013 3.662 - 161.066 - 143.533 62.138 

- ---- ---- -- --- -- -- -- ------ -- -- ----------- --- -- ---- - - -- ----- -- --- -- ---- -----
bOO 19.715 39.864 30.535 5.598 - 160.652 - 140.063 51.01B 
700 20.500 42.962 32.093 7.608 - 16 1.363 - 136.476 42.610 
BOO 21.285 45.750 33.62Q' 9.698 160.860 - 132-955 36.322 

22.070 48.303 35.119 11.86 5 - 160.283 - 129.501 
22.855 50.669 36.551 14.112 159-627 - 12'6.115 

Mar. 31, 1962; Dec. 31, 1963; Dec. 31, 1965; June JO, 1969; Dec. 31, 1973 

LE./\D DIrl.,UORTDE, ALPHA (a-PbF 2) 

S;98.15 = [27.0 ~ 2.0] gibbs/mol 

Tt '" 583 :!: 1 K 

Heat of For>ma.tion 

( CRYSTAL) GN ~ 2"5,1969 F 2 Pb 
IlEfO = unknown 

I'IHf;98.15 = -151.8 ~ l.0 kcal/mol 

AHt" = 0.3495 kcal/mol 

Hea.ts of fOrffidtion der<ived from the ~nthalpy changes of different: chemical reactions are tabulated b~low. Due to a lack of 

sample characterization we ca.n only assume from sample preparation th<3.t- the following t"eactions involve a-Pbf
2
(c). 

Type of lI!lt";96 Wff 298 
Reference Chemical Reacti.on ~ kcal/mol kcal/mol 

Pb(c) ,j. = PbF
2
(a) 

PbO(c)'" HF(40% aq} = Pbf
2

(a) + M
2
0(t) 

PbF
2
(a) -I- 2 Na(c) = Pb{c) .p. 2 NaF(dq) 

PbF
2
(a) + M.g(c) = Pb(c) + MgF

2
{c) 

3/2 Pbf
2
(c) ... AHC) 3f'} PbCc) .p. AlF

3
(c) 

3/2 Pbr
2

(c) ... Al(c) = 3/2 Pb(c) ... Alf
3

Cc) 

emf 

calor. 

emf 

calor. 

calor. 

calor. 

-159. 7!;0. 5 -159. 7:!O. 5 

- 22. hO. 3 -159.!J:t0.5 

-112.2~O.2 -162,2!:O.4 

-109, 5!:l. 5 -159. 2:t2. 0 

-118.SiO.l -161.6'!:l.O 

-117.7-0.:0.6 -lS2.2:!:1.0 

The samples llsed by Gross et al. (:.., .§.) could easily be ~-?br2 rather than c-PbT'2' Other reactions (2, ~I !) have led to values 

near ilHf 298 = -161.8 kca.1/mol (lQ); this value is adopted and is assigned dll uncertainty of :!2 kcal/mol. 

Th~ adopted heat of formation is supported by measurements (11) of the reaction Pbf2 (c) + Be(c) = 3ef2 (c) + pb(c) from 

which the heat: of fOI"ffiation of BeF
2

(c) agrees with that from the direct flUOT'ination of heryllium metal if the adopted value for 

~HfZ98{Pbr2' a) is used. 

Heat Capacitv and Entropy 

The enthalpy of C:-Pbf
2
(c) was measured by Linsey (11.). Twenty data points (320-728 K} were obtained using a sample 

encapRulated in gold while fift:een were obtained (370-595 K) using a sample encapsulated in Nichror.,e V. We adopt the heat 

capacity values calculated by Linsey (11) and ext!'apold,te linesI'ly 'to 1000 K. It should be noted) however, t:hat Linsey (11) 

adjusted his eXper'imental enthalpy for a-Pbr?(c) so that when the orthorhombic sample <.ras heated above Tt, the resulting 

enthalpy was consistent with the cubic ?bF 2 ent:halpy. 

The.re is no low temperature heat capacity ddta for a-Pbf
2
{c). We estimate 8 296 = 27.0 ~ 2.0 gibbs/mol. 

Transition Data 

The transition temper-ature is thdt obtained by Linsey (1.;:) via enthalpy measurements on orthorhombic PbF'J' When heated 

allove Tt, orthorhombic PbF
2 

changes quickly to the cub~c form. Upon cooling the transformation is very 31uggish. 

The heat of transition at room tempera'ture, 2lj'J !: 9 cal/mol, was determined by Linsey (11) by the diffe'rence" in the heat 

of solution of the orthorhombic and CUbLC modiri.c<3.tions in 1.0 M Fe(N0 3 )3' liiit~ is cdlculated from this value using the 

enthalpy diffe'rences (1I;B3-H;9S) for t11e cubic and orthorhombic modifications. 

and K. Jellinek, Z. Elektrochem. ~, 401 {I93S}. 

2. M. V. Wartenber-g, Z. Anor-g. Allgem. Chem. ~1 337 Cl9~0). 

3. R. W. Ivett: and T. D. Vries, J. Am. Chern.. Soc. il, 2BZl (19~l). 

4. P. Gross, C, Hayman, and D. L. Levi, T'rans. Faraday Soc . .§.Q, 477 (1954) 

S. p. Gross, C. Hayman, find D. L. Levi, "Physical Chemistry of Process Me.t.:tllurf,Y," Pdrt: 2, Inter-science Publishe;s, Inc., 
New York, 1951. 

6. V. P Kolesov, A. M. Martynov, and S. M. Skuratov, Russ. J. Inorg. Chem. ~, 1326 (1961). 

7. M. H. Broene dnd T. De.Vries, J. Amer. Chern.. Soc . .§J!, 1644 (1947), 

B. C. G, Koerber dnd '1'. DeVries, J. ArneI'. Chern. Soc. ~~ 5008 (1952). 

9. P. Schindler' dnd M. Reinert, Chimia (Switz) 12, 534 (196!). 

10. E. Rudzitis, H. M. Feder', and W. N. Hubbard, Inorg. Chern. 2, 1716 (1967). 

11. p G~oss, C. Hayman, and J. T. BinghaJn, U, S. Clearinghouse Fed, Sci. Tech. Tnform., AD19'/l, No. 721476, 1971. 

12. C. W. Linsey, Ph.D. Dissertdtion, North 'Texas State Univt~rsity, 1970. 
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l.ead Difluoride. Beta (,B-PbF
2

) F 2Pb 

(Crystal) GF\'J = 245.1968 

~---gibbsfmol--·-_ kcallmol 

T,CK CpO s· -(G~-HQ2Sl6)rr HO-H":r.I9 &"1" 6Gf' Log Kp 

0 
100 
200 
296 17.150 21 ~ 3 51 27.350 .000 - L61.5&0 - 150.654 110~432 

300 17.11:1.0 27.460 27.351 ·033 - 161.553. - 150.586 109.7 0 2 
400 18.3';0 32.650 28.0')';, 1.838 161.170 146.981 80.310 
Sao 19.260 36.828 29.404 3.712 - 160.776 14 3.488 62.719 ------------ ------------ ---------- --------------------
600 21.180 40.516 ~O.952 5.139 - 160.271 - 140.0r ... 51·022 
700 35.2')0 44.b53 32.592 8.443 - 160.288 136.565 42~644 
800 25.320 48.752 34 .. 376 H.SOI - 158.811 133·313 36.419 
900 22. :'10 51.481 36.Ul 13.81 5 - 158. 0'B - 130.111 31.610 

1000 22.510 53.859 37.787 L6.072 151· ... 27 - In.IO? 27. 179 

J..l.9_0 _____ ~"'_!!.IQ 
1200 22.570 

___ .'HI.!' ..oJ .. .o _____ ~"h ~ ~? __ 
'.Jl.974 40.819 

18.329 - 156.761 - 124~I05 24.651 
---2-0-.-586--- :-1.5-&-.-0-9-2"---': - 121: 1-6-4--- - - -11 :51;,,, 

1300 22.570 59.780 42.20~ 22~843 - 155.424 118.261 
1400 22~ 570 61~453 43.524 25·100 - 154.r59 - 115~449 
1500 22wSl0 63~olo 44~ H2 21.357 - 154.097 - 112~662 

Dec. 31, 1973 

L£AD D1FLUORIDE, BETA <)-PbF'2) 

S29f3l5 ::: ?7 .351 

(CRYSTAL) Gr. " 245,1958 F 2Pb 
lIHfi98.l5 -161.55 ~ 1.0 kcal/mol 

Tt ::: 583 ~ 1 K lIHt
O 

::: Q,3t496 kcal/mol 

Tm 1103:!: 2 K 811m :::- 3.52 :': 0.3 kcal/'l"lol 

Heat of F'01"mdtion 

Linsey (lJ det:ermined t:he heat of transition at room temperature to be 21.10 :!: "3 cal/mol from heat of solution mea;;urements of 

the orthorhombic and cubic modifications in 1 :-i Fe(NO
S
)3' We calculate and ado-pt LlHfi9S(PbF2, 13) by adding this heat of 

transition value to the llHf;98 value for PbF 2 (c, a). 

Other nedt of fOr'mat'l.on values derived from the enthalpy changes of dif'erent chemic<.tl r~actior.s are tabulated below. Due 

to a. ldck of sample charact:eriza.tion we can only assume from sample -Pl"'epdr'dtion 'lnd experimental conditions that the following 

reactions involve ~-Pbr2(c)' 

Jigference Chemical Reaction 

Pbt·
2
(P + H

2
(g) ::: Ph(£) ~ 2 Hf(p,) 

PhF2 (P ... :: ?bO(c) "" '! Hf(p.;) 

l/2 PbF
2

( + 1/3 Al(c) ::: 1/2 PbU) .. 1/3 A1F
3
(c) 

Press 

Press 

emf 

I'.H:r298 
kcal/mol 

32,0 

30.05 

-116.39 

lIHf;98 

kcal/mol 

-161.3 

-151.1.6 

-162.0 

The two studies by Gross et al. (~, i) may well involve ~-Pbf2' KOle!!ov et al. (2.) used two PbF? samples which had been fUSed. 

The~:;e sdmple~. should then be in the p-modification. The results are considerably different f!"oIl' those given in the a-PbF 2 
table (Ji) for a .. PbF

2
• 

Heat Capacity -ind Entropy 

1..insey C]) measured the enthalpy of cubic Pbi? 'The enthalpy data (51 datd poi'lto J 321-1164 K) t'(!vealed an anomaly in the 

enthtllpy and heat capacity in the ra.nge 573-8?3 K, Linsey (1) interpreted the results in terms of a lambda-type (coopeI'ative) 

tl""ansition in the heat ca.pal::ity with a rr,dXl!llutl at 716 K. \'<'12 ddopt the hedt c",pdcity values calculated and reported by Linsey CJ,). 

Banashek et al. (§) measured the high "tempera't:ure enthalpies (H.r-H293.16) in the I'dnge 670-1165 K. Their datu 'is consistent 

wit~ t.he interpretdtion of Linsey C]). 
The entropy is cd1culated in a manner analogous to that used for 6Ht~. 

Melt:· nf!: Data 

See PbF
2
(O table. 
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Lead Diflu0ride (PbF2l F
2

Pb 

(L i qu i d) GFW 245.1968 

T, OK 

o 
100 
200 
29B 

300 
400 
500 

bOO 
700 
SOO 
900 

1000 

~---gibbs!mol------

Cpo So -(G"-HOus){f 

17.750 310293 31.293 

17.780 31~403 310293 
180350 36.::'93 31o Q 91 
19.050 40.763 -)3.346 

19.750 44 0 298 34.884 
26~lOO 41.395 36·454 
2 6 .1 00 SO.S60 36.045 
26.100 530954 39.645 
26.100 56.704 '_}.21fo 

! ~9'? _. ___ 2A "_tQ.Q. __ __ ?~..,J._9L ____ ~z..'!.-~~'2 ___ _ 
1200 26. LDO bl ..... b) 44.206 
}300 26.100 63.552 45~615 
1400 26~lOO 65.486 46~9b6 

1"00 26.LOO 61.261 48~2bl 

_----k'-'U"""----
H"-HOBiI <llir tlGr' l.A)g Kp 

.000 - 147.40Q - 123e233 90.332 

.033 - 147 e 416 - 123.084 89.066 
1 0 838 1"7.802 - 114~914 62.786 
3.708 - 148.219 - 100.647 46.615 

5.646 1l.8.633 - 98~2'H 35.803 
7.658 150.195 - 89.67B Z1 ~999 

10.266 - 150.U38 - 81-045 22.141 
12.318 l49. 89 4 72.430 11.S8a 
15.488 - 1':"9.760 - 63.830 13.950 

J_~_~_9_~a ____ -=_ loIt.9J'_6;U ____ -: __ 55 .. ':~if ___ __ lQ. .... 'H9 
20.108 - 149~508 46 e 667 8.499 
23.318 - 1'.9~390 38.101 0.405 
25.926 - 149~Z79 - 29.546 4.6l2 
£8e538 - 149.l75 20.994 ~.Q59 

Mar. 31, 1962; Dec. 3}, 1963; Dec. 31. 1965; June 3D, 1969; Dec. 31, 1973 

Lf.:AD DIFLUORIDE (?bF 2 ' (l.IQUID) orw" ,"S.19SS F ZPb 
S;9fL15 '" [31.293) gibbs/mol uHf2SB.15 -1 1.7.4')9 "kcallmol 

Tm 1103 4 K {\Hrn~ ;:: 3.52 ~ 0.5 kcal/mol 

Heat of FOf'mation 

8Hf29 &.lSU) LS obtained from t.Hf 29 e-.15 for cubi.c PbF~ by adding c1Hm" and the: differ(~:lce between HTm -H 29 8".15 for the cubic 

croy-atal and liquid. 

Heat CaDaci ty and EntroDY 

The enthalpies (H~ -Hi93:.15) of PbF 2 (t) in the tempera,ure ri:lnge 1104-1165 "K w,~re de termined by Banashf:!x, Pa tsukova, and 

Rassonskaya (1). Based on their 't'eported r>e5U] ts the heat caDacity of Pb:'"?( e) is evaluated to be ?4 ~ 2 g:'bbs/mol by the leas'!: 

sqllare method. Linsey (11) measured the enthaloy of Pbr"l( e) in the range 1105-116 l, K (S data 1)oints) and l:"'eported a constan1: 

heat cdpacity vdlue of 26.10 gibbs/mol. w~ adopt thts a"d ext:raDo1ate to 7,10 K dna 15')0 K. A glas:; tr'dnsition is assumed 

at 708 K below whic~ t:he heat c~?acity values of c\,lbic Pbr 2 are ufied. 

The entropy (S2,)8'.15) is calculated in a manner ana.logous to thdt of the heat of fof'nldtion. 

~el UB8 Dilta 
Tm and ilHmo are taken from the enthalpy data ~f Linsey (J}). Our ana~ysLs of thc enthalny data of Bdnashek et ai. (]) 

yields Ii heat of melting value of 2.9B kcal/mol. 

Other va:;'ues of Tm (QK) reported -'ire 1019]: (~, 11.>, 1097 (1. ~, 2) and ll28 (§.). Usir.g the freezing ooint data of binary 

systems Pbr
2

- D bBr
2 

(~.>, Pbf
Z

-PbC1
2 

(2. !J, Pb1
2
-PbI

2 
(2, j!>, Pbf 2-PbO (~)", dnd PbF 2-NaF (19..), Kf:!lley (1) eVdJuated tile 

corresponding values of lIHm" (kcal/mol) as L7n, 1.70, 1.96", 3.87, lind 2.'+7. "'ther reDor-ted va.lues of ilHm< are 3.00 (].) and 

ll.15 (1) kCd1/mol. 

Vaporization Data 

From mass spectroscopic study on the. val)or species in Pbf
Z

' 2mbov, Hastie, and "fargrave (::) have shown tha't molte.n PbF 2 
vapori%es partly as molecular PbF

2
. There is considerable d'isP!"o!)ortiona.tio)"l, -ind dt: :'::16 :< the vapor composition is approximately 

66~ PbF
ll

, 25% Pbf
2

, 2\ PbF, and 7t Ph (.:!., g), Tb has been T'eoo!'ted ciS 1;;'65 K (ll) where <:he V<iDOr is e;{n8cted to be a mixture of 

t~e above species. 
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Lead Difluor de (Pb F
2 l 

(Idp-al Gas) GF\~ 245.1958 

____ ~ibbs/mol-- --kcal/mol-

T,"K 

100 
~oo 

2~8 

300 
400 
500 

600 
IDa 
800 
'00 

1000 

1 toO 
1200 

I bJO 
1100 
1300 
1900 
2000 

21{)0 
2200 
2300 

2600 
2700 
2800 
2900 
3000 

3100 
3200 
3.300 
3400 
3500 

36 00 

3700 
31WO 
3900 
,,000 

4100 
4200 
4300 
4400 
4500 

4600 
4100 
4800 
','WO 
sooe.. 

5400 
5'500 

5600 
5100 
5tiOO 
5900 
bOOO 

Cp' 

.000 
9.2')2 

11.020 
12e 177 

12. 

13. L 13 

13.381 
13.514 
l3 ~ 603 
13e6b5 
13.710 

De 744 
13~no 
13-791 
13.5°7 
i 1~ ::120 

13.831 
l)~ 840 
I3.B47 
1.;.854 
13~ t:l59 

13.1:164 

13- 880 
13.tlB2 
13.884 
13.886 
U e BSI 

13.889 
13.890 
130891 
13.8 9 2 
13. 1; CD 

13.8<F, 
U·a95 

l3.897 

13.898 
1 J. 899 
13~899 

13.900 
13.900 

13.900 
13. 9 °1 
lj·901 
lJ.<.J02 
13'902 

13.902 
13.901 
13.903 
13.903 
13.':103 

13.904 
13 .904 
13 .904 
1 ~.904 
13. 90 4 

S' -(;O-W29~)rr H"-W%.\lH :\Hf' 

.000 I iltF !l'oIJ lE 
58.309 19.920 
65.190 
&9.928 

70.003 
13.607 
70.509 

78.931 
o I.J04 
!;l2.815 
a4.421 
85.80) 

d9·471 
90.494 
91.447 

92.339 
93.178 
'13.969 
9 4 .718 
45.429 

%.105 
96.750 
97.361 
Cj7.9')7 
4d.~24 

9<".008 
99.592 

1 OO~J97 
100.5134 
101.0 5 5 

1al.510 
1°1.951 
102·379 
102.793 
103.19b 

103.586 
103.96d 
104.339 
104.700 
1 05~052 

105.395 
105.730 
106.057 
10b·376 
lC6.689 

106·994 
107.293 
lOLSB6 
107.1172 
108.153 

108.429 
1013.099 
108.963 
109.223 
109.478 

109.729 
~ 09 ~ 9 7 5 
110.217 
110.454 
110.688 

69.'126 
-rO~415 

71.353 

72.'.2 0 
73.502 
14¥555 
75.564 
76.")23 

17·432 
7Ho/.94 
79.112 
7<;.::189 
80.&28 

81 ~333 
l;I2.005 
62.648 
83.264 
83 • .:!54 

84.422 
84·~6B 

t!5.4'13 
86.000 
86.4'10 

~6. 964 
tll.422 
87 • .':165 
tlB.2% 
88. H3 

89-119 
89.513 
8'}.d96 
90.2(:.9 
90.633 

<)0.981 
91.B3 
91.1':>71 
92.000 
92.322 

92.637 
92 .Y44 
93.246 
93 '540 
93. ~29 

94.112 
94.3/j'l 
94.661 
94.928 
95.190 

95.446 
95.699 
95. ~46 
96.(90 
96.429 

96.665 
96·1396 
n.IZ3 

- 3.003 - 103.249 
- 2.161 - 10 3.525 
- 1. t44 - 103·811 

.000 l04~ 000 

.023 - l04~OCj 

1.2-" - 104.111 
2.518 - t04.350 

3.901 
5·252 
0..0.08 
7.971 
'1.340 

10.713 
12.089 
13.4bl 

14.841 
16.228 

1l.611 
18~ 9Y<t 
20·)79 
21.704 
23.149 

24.535 
25.922 
2 r.309 
28.690 
30.084 

31."72 
32.960 
34.248 
3S·63J 
31.025 

38.41". 
39.603 
41.192 
42.58l 
1.3.971 

45.360 
.:;.6.75 0 
48·139 
49.529 
50~918 

52.308 
5)'&98 
5 5~ 088 
56.470 
5 '.1:166 

59.258 
60.648 
62.036 
e.3.428 
64. 8 18 

66.20'1 
67.599 
68.989 
70.319 
71·710 

730160 
740550 

18.722 

- lO"t~!l43 

- 105.919 
- l06~ 150 
- 106~377 

- 106.59<1 

- 106.81 7 
- 107.029 
- 1,)7 ~ 240 
- 107 ~ 452 
- 101.666 

- 10 1 ~ Btl!'.> 
- 108.109 
- 10$.3'.0 
- lOB .:171 
- 10B.822 

- l51 ~524 
- 15! ~6YO 
- 151 ~ a 7':1 
- 152.092 
- 152.330 

- 152.591 
152 ~8 J4 

- 153 ~ 161 
- 153.508 

15,.857 

- 154.222 
- 154.606 
- 155.004 
- 155.416 
- 155.840 

- 156·274 
- 150.717 
- 157.167 

157.62'. 
- 158.0&5 

- 158 0 550 
- 1590017 

159 0 485 
15<;.955 

- 160.424 

- 16 0 0 89) 
- l6L0361 
- 161.827 
- 162 ·292 
- 162. 7~5 

- 16L215 
- lo3.673 
- 16lt.129 
- lb4.:'84 
- 165.035 

- l65.485 
Ib5.934 

- 160.379 
- l66.825 
- 167.266 

oCI" 

l03·249 
- 104.406 
- IOS.lM 
- 105.7tHI 

- IO!l. {q9 
- 106. ).72. 

106.903 

- 107. )94 
- 101.662 
- lO7.!i96 
- 108.101 
- 108.2iH 

10a.439 
10B·575 

- 108.695 
- LO/;l·/jOO 
- 10tl.8tl1 

- 108.963 
- lOC;.OZ2 

1.)9.012 
- 109.106 
- 109.120 

- 107.~a4 

- 105.4t\8 
- 103·383 
- 101.270 
- '19.149 

- 97.01b 
- 94.812 

92.720 
- 90.552 
- 88.318 

86.1 90 

- 83.989 
- 81.776 
- ·r9·54Q 
- 77. Jt 1 

- 7!:>.060 
- 72.1<18 

70.522 
- 68.239 
- b').9'o3 

- 63.634 
- 61. 3 11 
- 58.980 
- 56.635 

54.285 

- ~1.920 

- 49·548 
- 47.158 
- 44.7b7 
- 42.36b 

- 39.956 
- 37.529 
- 35.0<;7 
- 32.663 
- 30.215 

- 27.757 
- 25.2'l] 
- 22.822 
- 20.348 

17·863 

F
2

Pb 

.... Kp 

I NF IN iTE 
228.179 
114.920 

11.54-> 

77.075 
58.11'1 
46.727 

39.118 
33.6t" 
29.416 
U,.250 
2).()Q5 

15.1365 

14~ 88" 

12.5S0 
11.925 

lld'i6 
10.414 
9.824 
9.222 
8.60tl 

8.155 
7.079 
7.237 
6.824 
6.438 

136 
5.416 
5.113 
4.82~ 

4.557 
4.300 
4.0')6 

3.824 
3.b03 

3.392 
3.190 
2·998 
2.813 
Z.b)6 

2.467 
2.30 ... 
2.147 
1.997 
1.852 

1.112 
1.::.77 
1.447 

1.083 
.970 
• abO 
.754 
.651 

I'Jar. 31,1962; Dec. 31, 1963; Dec. 31, 1965; June 30, 1959; Dec. 31, 1973. 

LEAD DIFLUORIDE (PbF
2

) 

Point Group = C
2v 

5;99.15:: 59.93 :!: 0.8 gibbs!;.lol 

Gt'ot1nd State Quantum ·";eip,ht :: [1] 

(IDEAL GAS) 

Vibrational f'requencies and Degeneracies 

wi' e'n 
-1 

5115.7 (1) 

170 (l) 

522.5 (1) 

Bone Dis"tdnce: Pb-F" 2,1] ! 0.02 A Bond An~le: F-Pb-f 

ProdUCt of the Moments of Iner'ti ... : TAT8IC = (4.5699 x 10-
114

) £;3 cm 6 

Heat of FQ£.l!Idtion 

(90'1 

Gr" ~ 24So1968F 2Pb 
t'.HfO:: -103,2 .! 2 kcallmol 

lIHf;9S.l5 ::: _10'1.0 :!: 2 kcallmcl 

a ::: 2 

Va?or pressure Odta for Pbf Z hdve previously been interpreted on the assumption that PbF
Z 

' .... as the only species p'resent in the 

g-1S phase (11 1). 2mbov, Hastie, and Margrave (1) h>3.V€ studied the vapor species over Pbf'2(c, n muss spectrometrically and shown 

vaporizes only partly as 'nolecular and there is considel'able dls;:'>T'Oportionatlon. The vapor compos LtiC1": at 988 K 

is 66i PbFlJ-' 25'i; Pbf2 , 2~ Pbf', Pb {l, 1), From extrapolation of the ion intensity data from lOlJ-3 to 988 K 

to "the temperature region in which Nesmeyanov and Tofa (l) mea~urc.j the sdturated vapor pressures of Pbf
2
(c), 792-988 X, by 

Knudsen effusion rnethod, rhe partial ?re:ssure of , llt: 988 K was calculated to be 0.0435 ! 0.005 torr. Based on this 

calculated vapor pressure, the 118d.t of sublimation Slis;98) of Pbf
2
(c, ~) is der'ived as 57.53 kCC'.l/mol by the third law method, 

yielding g) ::: ~104.0 ! 2 >.:ca1/mol. 

data on vapor compositions over Pbf'" at various temper'dtures, the total pressur'€ medsurements reported 

by Wa1~tenberlS and Bosse (1)) using boiling point method, and those of Nesmevanov and Tofa (~) are not used for E~vdluation. 

The adop"ted t.Hf 298 leads to a dissociation energy D~ = B.I0 eV for the proces>.:; PbF
2

(g) : PbCg) .. 2f(g), using d\lxilidry 

data (.?). 

Heat C,3.pacity and Entropv 

The bond distance was determined by Akishin, Spir-idonov, ",nel Khodchenkov (.§.). The bond anp,le was estim.-tted by Hauge et cll. 

(2) fcom d Gr0up IV A ,jifluoride comparison. Jiaup;e et dl, C!) determined the vibrdtional frequencies from the inff'dred spectra 

of neon matrix isolated PbF::(p;). 
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7. K. I-i. Hduge, J. W. Hastie, and J, 1" Mar-grave, J. 1101. Spectrosc. ~, 420 (1973). 

F 2Pb 

ll.-

l> 
:z 
l> 
-n 
.... 
:l: 
m 
;:ra 

~ 
n 
:l: 
m 
3: n 
l> ... 
.... 
l> 
l:1l:I ... 
m 
!-" 

-0 ..... 
VI 

VI 
C 
"1:1 
"1:1 .... 
m 
3: 
m 
:z .... 

.... 
o .... 



!
"U 
:r 
';i 
n 
:r ... 
~ 
:oD 

~ 
o 
Q 

.? 
< 
~ 
-~ 
Z 
!' 

-0 
...... 
U'I 

Strontium Difluoride (5rF
2

) 

T. ~K 

o 
lUO 
200 
298 

300 
400 
500 

.00 
rou 
/HlO 
900 

1000 

HOO 
12JO 
1300 
1400 
[50-6 

:noo 
2200 
1.500 
2400 
2500 

ta I ) :=;F":J 125.5168 

~ __ ~l!ib~/mot 

Cp~ S'> -((;"-H"2li~)/T 

.:))0 .000 !NF lhl H: 
76S 5.0:n 12.907 

16.7<"5 
i7.doO 
IS.480 

18.840 
19. IOU 
19.1,0 
19.680 
20.500 

?l. S6iJ 
lJ.2·:)O 
26.000 
34,401.,) 

n--:rJ0'0 

23.350 
23. l~() 
23.000 
23.000 
;<:3.0;)0 

13.321 21. to'} 
19.628 14.628 

732 

7" 
32.174 
j'S.09b 
37 .664 
39.9<;7 
i,2.U 1t 

44.010 
l.b.012 
41.95'1 
50.128 
52.19"1 

61. II'>? 
62.<;175 
63. <,99 
64.<;11J 
65.911 

2l.601 

23.088 
24.599 

26.5'06 

30.140 
11.31':12 
)2.'i81 
B.155 
34.936 

4J. ... "'B 
42. .450 

____ kcal/mol_ 

H~-Hoz,~ 

).IZS 
- 2. ras 

1.557 
.000 

.031 
1.706 
"J.5d5 

5 .... 5.? 
T.34'1 
q. 

1 ~. 32, 
11.')56 
19.990 
n.nz 
26.195 

.3.Hf' .:.i.Gf 

2<;1i.,l.3'>" - 290. J<'~ 
- 2-/1.073 - zaO.',lot> 

- ,,82.687 
- 278.'.Hll 

- 2 <,10. tl'l'> - 21&. ~05 
':90.5d9 

- 290.2 r6 

266.4!:1l 
- 284. Uti 21...2. .';>1oJ 
- ?09.520 2':>8.1C6 
- 18'1.526 1.~".84g 

- 2!l':1.30'" - 251.007 

- nO.9U 
<'90.420 
109.13') - 239. 

"l.tI)j HZ.IS5 - 202.258 
45.154 311. J0b - 1"17.045 
4l,I.~8 }to ,f.:.> I 1<>[ .869 
49.75U - )iJ9.610 Itlb.73, 
<;2.>1'50 - 308.7tH lal.olO 

Dec, 31, 1972 

Log Kp 

! Nf-l ~I 1 E 
627.033 
308.906 
204.2US 

202.d90 
149.935 
lHI.I'''!] 

97. Obi 
81.9 HI 
70.615 
61. BII6 
';>4.858 

4 .... .)<,l{) 

44.277 
40. il3 

21.049 
19.?75 

". 

STROWflU,': lJIn..uORID£ (Srf
Z

) 

::: 19.63 ! 0.05 gibhs/mal 

llJ,ll K 

'It [llJl3lJ] 

Tm~ ~2K 

>ceal/mol. 

..),If ;':lS (Agel > ,~) -= 

recen tly, 

:;ligl\t ~;.::ccs", of :<af. 

the heat of ne 

c~t a,1, (.!:) 'the heat of 

~ O,JO kcal/mo.l.. ',Ie dS3U!ne this v,,]ue refer~> the: 

(CRYSTAL) 

(dq) l:r(aq) dO, 

-7·J. '12 '.c<)l/)1,01 C.~). 

GfW :: 125.6168 

kCdllmol 

d\t o
::: [O.OJ kCdl/mol 

..lllmo ::: 7.0S2 0.150 ,(cal/mol 

,8 ! 0,3 kcal/mol 

.13 kcal/r.lol <.Ir 2134 l\, I,le estimate a 

, .... hich gives ..'.j-j298 = -34 1 kCill/mol, Tr:is value 

of fO('r.latlon: t..l{f 2 '38 Oi
2
0, 0 -58 31& (~~» 

~ -34.5 kcallmol 

Srf
2

(c) ... 2 AgCl(c) gives '-'l-l298 ~ -3 1+.0 

lowine heat~, u[ Corm.:;.T ion: 

4001:
2
°) = -209.2'11 kc",;irnol (~). 

O. elt tit 298 f. ~;hich corresponds 

-;>91.S 

t-y ,~ddition of a 

"their dcltd ~iv.-~::; 

'':-) -2':iU.5.!. O.~ kc,d/mol 

-2%.:J t 0.7 .L~. a ·...;eigh"teJ value of four results. !:Iaran)' 

aqucOU:3, nr. di::;sCilv,~d ",ilicd, as -65."l 

:':Y'O(c) + '} ]],- • + I I-i?O( S) elt 298 and we 

cdJculLlte 2' c) -29l.8 ~ 2.0 >ccai/mol "dtn c) -1 1,1.) 

~~I---.f~dnd l:nt£'2.Ey 

Cp below 300 K is b<tsed on the lO\·I-tcrnperdtl..IT·c K) hed"t tal" S't'~ repor'tE'd by ,:;mi_th c"t d1. (,,):.2). The SdiD.ple 

pur'i,y 'l<:lVE. ! it ted <i smooth their' udta obta.ined 

"'298.H :; 19,53 ~ 0.05 ~l: basecJ un 

only hie)l tC'lllpera'ture 

K. Spc(.troscopic dflaly<>.L<. ~;howed tj--,e 

th,H "eCf;.'1tly rcpor,cd by [[remova .:J.'1J N"l'izcn (.!c1) in the temper'clt"re r.:lnge 

s21:lple contained 10:'3 rhan (J.:)~-:' of foreign metals. A second order transition 

ob"erv~'d DOc·"(:'.'een the 1:<:r.,pcratures of ]:j}l dnd 

Cp'::; dbovc I~eli.lng point dr'e obtained by ;~l"apLic~'l 

graphic-,llly lly compclri:;on wi th "tl·o~(c for 

interval (l1~2l-1484 Y) of Lhe 

:1.:nizen (~l) deviate from our 

on.: l:·erccnt dt the temperatwre$, 

I!:~~~Dclt'~ 

"moorhed C}.l d<'.ltc. in the temperaturu ran,l1;e YOO-l'lSO K, 
Jata. in rhe LC:I~pcrdturc Y'dnge 300-·900 K are eS1:ima"ted 

is dSScl:ned con:,tdTlr dt 39 eibL>s/lT,ol 0Vet' th"" rempcratuf't 

in Tr'dnsition Uatd). T~[' ob~"orved ent!,.J.lpie~ r:rrerc,ovd and 

(Sl3 K) 01 medS1H'cments ,'lnd by only a f~w t~nths 

lfremtJva and :lat' (L~) r~j.Jor'ted t"at the pllas~ trans;'Tlon for Srf2 occurs over ;1 shari temperat inl:erva.l (l421--1 118 l • K). 

There dre no discontinuities in their deltc: t[lie:. I'.m~c! Other alkaline eact.)) ~Jv~; (!.1), , .... hich hdve 

tile cdlciU!11 fluc)r'i.de structul'e, knol'n to cznibit sirn-il.H' lwtL,-lv;"or, Clnj thi::: fuet ,.;ould 3eem to rule out HIe poss~bi.lity that 

tion r.o",ulteJ wholly trom ¥k ;orm:> , u -'nJ ~, of Srf 2 
;;>r~cticdlly of the energy 

choo!:'e to tental:ively J.dOpl two tr"msition,_ of the 

t,~mpeT'at1Jre:;; X-Y'<lY f.1"'d5ur·UK",ntJ, The "th3-t the!"c 

i:l~_tL~n,Lfl~.!;:! 
:m<, O2t: aL q~) the meltin.~ point (/ .a ,:rf? :;;<J.mplc, w!lich been purjfied 1y ,Jnhydrous lif through 'th"" 

m'o'lt, l745! 1 K. Porter' and 8rO;';f, (.l.':) JOl'fiG ,j lnLl1:ing !-,uint of 173& ~ ~ f, fOl' .:l 0i 99 a.. !"" ity, whilr~ Petit dn(' 

"h'lbo'l8 ().~) report'~d U35 )(, ,1doptc(J mcltin£ pc,int 17S0! 2 I!;) uC't'ot"mined ty Llrcmova cln,: :"\.Itizcn (~) in their 

culorimctric :;;tudies of <-, h~:,h purity Srf
2 

s;lmple. heelt 01 filclt:'ng, 7.0!j2 ~ 0.t50 kCCLl/mol, i:; .:.:alvul.lteu the diffet'u\ce 

o'Ottween the aciopt(!d €'lthdlp::'~s 01 the liquid <1r,rJ u'y.:;tdl Tm, 

~Elim1i:ltjon D.'!.!:.':! 

~£t~"'£!!~.2 
I 

,. 
f •. 
I. 
B. 
9. 

IJ. 
II. 
L'. 
13. 
lLI, 
.is. 

;o(~) tJ.01~ lur dctJ.i13. 

~l.~O(c) and BaCl/c) dat:ed 12-Jl-72; Car:;> ddted 12-31-68, 

The P...,rgamon Pt·<.:s~, L'td., Londo", 1963, 
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Strontium Difluoride (SrF
2

) 

(L i qu i d) CFI'I 0 12.'5.5158 

~----gibhs/mot - ---kcal/mol--
T, OK Cpo SO' -(GP-H"~)rr H~-HQ:l9K il"r ~Gr log Kp 

a 
100 
200 
2., 160.725 26c 158 26&158 .000 - 280~ 125 - 269s 152 197.734 

3()0 lb. -155 20s 262 26.158 .031 - Z80.l20 - 269.689 196.468 
400 17.860 31.245 26.830 1.766 - 21908l'o - 266.256 .145s415 
500 180 480 35 .. 301 Z8~ 132 "h5B5 - 219.501 - 2:62 $903 114.915 

bOO la.B40 38.704 29.618 ')..452 - nQ.20S - 2590011 94.563 
100 1<;1.100 41.628 31 ~ 130 1.349 - 2765953 - 256.366 800041 
Sao 19.3'50 4'h194 32.605 Q.211 - 278074'5 - 253.155- 69.159 
900 19.680 460 .. 81 )1..023 ll~ 218 - ;U8.751 - 249.950 bOo 696 

1000 20.500 ItS.601 35. no 13.225 - 2760529 - 246.762 53.930 

llOO 21.560 50.600 36.670 15.321 - 2800147 - 243.489 48.371 
1200 23.673 52~ 542 37. 'HZ 17.5So - 219.650 -240~116 43& 142 
1300 23.613 54~431 39.l11 1g e 924 - 279.026 - 236.912 3'il c B2B 
1400 23.613 56.19l 40.269 22.291 - 218.406 - 233~69b 36.482 
1500 23.6H 57.825 41.386 24.658 - 277,78<1 - 230.523 33 .581 

1000 23.673 S9.352 42.lt6L 27.026 - 217.171 - 227.)93 31.060 
F_O_O ____ ~}Jt§]} ____ AQ'L1:t!I! ____ ~}.!'j..'t7 ______ '~d.9J __ -=-__ 3_Q9_._~,,!~ __ :_??J.!'}J!-___ ___ lJh?l9 
1800 23.613 62.l41 44.496 31 ~ 760 - 3080195 - 218.379 26.515 
1900 23.673 63.421 45.459 34.128 - 307.2'H - 213.414 24.548 
2000 23.673 64.635 46.387 36.4<15 - '306.313 - Z09.499 22.78,," 

2100 23.673 65.790 Id.2S4 3B.862 30':1.381 - 203.633 21.l92 
2200 23.613 66.891 46.150 41.229 - 3Q4.455 - 198.810 19.750 
2300 23.613 67.943 48.988 43.597 - 303.537 - 19oft.027 lSe 4 37 
2400 23.673 bBe<;l51 "'1.7<;9 4~. '164 - 302. t2'il - 189~2 86 17 e237 
2~OO 23.673 69.911 50.585 46.331 - 301.132 - 1B4.56l 16.136 

2600 23.673 70~ fF,6 51.346 50.6'19 "- 300.S48 - 179.913 15.123 
j!]_O_O _____ ?hf?n ____ JJ_.J_~"!. ____ ~?.!.!l~_5 ______ ~hQ~_1? __ =-.. _2_9_9_"'-'!..I!Q_ .. -:_JJ?~l-}J __ _ . _ tlh .. ~~§ 
2800 23.673 72.600 52.802 55. ';'33 - 2990129 - 110.615 13.322 
2900 23.613 73.431 '53.500 57.801 - 298.29CJ - 166.101 12.518 
3000 23.673 74 e l33 54-.177 60.168 - 291 ~493 - l6t a559 11~77C 

3100 23.673 75.010 54.837 62.535 - 296.711 - 151.040 11~OH 
3200 23.673 7'.i~ 161 55.479 6';.902 - Z9S .9S8 - 152.547 10.418 
3300 23.613 16.490 5thlG5 67.270 - 295.236 - Ilt8.076 '11 .807 
3ltOO 23 e 673 77.196 56.715- 6"1.637 - 2'114. ,48 - 143.627 'i e 232 
3500 23.673 71.883 51.310 72.004 - Z93.89S. - 139.196 8~692 

Dec. 31. 1972 

STRONTIUM D1fLUOR1D:E (SrF
2

! (LIQUID) Gil~" 125. 516B 

5298.15 :; 25.158 Gibbs/mOl ,',lif298.15::' -280.125 kc.:tl/mvl 

Tm 1750 2 K clHn" 7.092 0.150 keal/mol 

Tb 2759 K lIHv O = 76.4 .'(cu.l/mol 

Heat of torm-<ition 

The heat 01 lormdtion is obtained from tha.t of the crysta.l by adding the heat of melti.ng dnd the diffel~ence 

bet,,'o::!en 111750-li298 for the crystal dond liquid. 

Ileat Cap..tcity and £nr:rcpr 

F 2Sr 

The heat capa.eity for liquid Srf 2 is obtained from the elLthalpy measurements of Ifremova and Mdtizen (1). Cp is 

dssumed to be constant in the temperature range 1200-3500 K. At 1200 K a glass transition hi dssuwo::!d b~low which Cp 

follows thdi. of the crystal. The entropy is obtained in d mannel' analogous t() that of the hea.t of formation. 

I"jelting Dat.e. 

See tile cryst':ll table for detail.:> .. 

~20r-iz<ltion Da"ta 

The boiling poi!'t is calculated uS the ternp,~r'q.t.ure at which 6Gr~ 0 for the vaporization process. The h"~a't of 

vaporizd"tion is the diif(~r<!nce in ilHf Tb foI"' tne liquid and gas. 

]{eferences 

1. R. 1. [fr~mova dnd I. V. Matizen, Izv. Sib. Otd. Akoid. Na.uk SSSR,. 5er. Khim. Nauk, (1),3 (1970). 
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Strontium Difluoride 

( I dea I Cas) GFVI 125.6168 

T,aK 

o 
100 
200 
298 

300 
400 
500 

.00 

'.0 
600 
'00 

1000 

llO() 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1.900 
2000 

2100 
2200 
2300 
.2400 
2500 

~---;gi.bbli/mol----

CpO 

~ 000 
9.998 

ll.096 
12.605 

l2 s b77 
l3~ 153 
13."05 

De 551 
13.M2 
13e 703 
13.746 
13.776 

13.199 
13.817 
13.830 
13.841 
13.850 

13 .851 
13.863 
13.868 
L3.813 
13. a1b 

13.819 
1.3. S62 
13.884 
13& aS7 
U.8SS 

S' -(G"-W".)(T 

.000 
51.351 
b4.821 
69.694 

69 .. 773 
73.493 
16 .. 457 

18 .. 915 
81 .. 012 
82.63B 
84.454 
85 .. 904 

87.218 
88.420 
89 .. 526 
90.552 
91.507 

92.401 
93.241 
9lt .. OH 
94 .. 784 
95 .. 495 

96.172 
96.816 
97.435 
98.026 
98~ 593 

INFINITE 
aO.239 
70.527 
b9 .. 6Q4 

49 .. 694 
10.198 
71.1.64 

72.257 
73 .. 361 
74~434 

1'5&459 
76 .. 433 

77.354 
78.227 
19.054 
79.839 
80 .. 586 

81 .. .297 
81.975 
82.623 
83 .. 243 
83.838 

84 .. 410 
84.959 
B5&48a 
85.998 
66 .. 491 

---kcai/moI--

H"-n~HS Mit" l!.Gf 

- J e t92 
- 2.289 

1 .. 201. 
.000 

.023 
1.318 
2.6'tl 

3~ 995 
5.355 
6.723 
a.0'95 
9.411 

10.850 
12.Z31 
13.613 
14. ~97 
16~ 362 

11.161 
19.15.3 
20.540 
21.9Z7 
23.3l't 

:lite 702 
26.09Q 
21.478 
28.867 
30 .. 256 

- 182.662 
- 182.714-
- 1.62.976 
- lS3.10Q 

- 183.103 
- UBe237 
- 183.414 

- lfH.b40 
- 183.922 
- 184.268 
- 184.849 

185.258 

187 .. 595 
- 187.951 
- 188.312 
- 188.675 
- 189.041 

189.41l 
- 222.357 
- 222 • .390 
- 222.421 
- 22:2.469 

- 222.516 
- 222.570 
- 222.63l 
- 222.701 
- 222.783 

182 .. 662 
- 183.839 
- 184.832 
- 185.708 

- 18'5 .. 7.25 
- 186 .. 518 
- 181 .. 39 .. 

- 186.170 
- 188.903 
- 189.593 
- 190.219 
- 190.794 

- 191 • .211 
- l'H.530 
- 191.813 
- 192.069 
- 192e298 

- 192&504 
- .1.91.761 
- 189&982 
- L88.180 

L8b.376 

- 184.572 
- 182~ 764 
- 180.952 
- 1H&1.39 
- 117.323 

Log Kp 

INFINITE 
4Ql.781 
lOle 914 
136.128 

135 .. 300 
HH~941 

81.910 

6S~5'e1 
58.978 
51& 794 
46 .. 191 
41.698 

37 ~99l 
34. saz 
32 ~ 2.41 
29 ~9B3 
lB. 018 

26.295 
24.655 
23.061 
21.646 
20.366 

19.209 
16.156 
17.194 
16.313 
15.50l 

2600 13.890 99~138 86.961 31.644 - 222.816 - 175.502 14.152 

i~~-g- ----H~N~~ -- --1~~~~-~-:{- ----~l:H{- -- ---}!~~~j---: . ~~~-:-}~-1- --~-ln:t~~-- -- --}j:~~~ 
2900 13.694 lOO~ 055 88.306 35.812 - 223.263 - l70.015 12.8n 
3000 i3.895 101.126 86 .. 125 37.202 - 223.434 - 168.118 12.252 

:3100 
3200 
3300 
3400 
3500 

3600 
3100 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4bOO 
4700 
4600 
4900 
5000 

~100 

5200 
5300 
5400 
'i500 

5600 
5700 
5800 
5900 
bOOO 

13.896 
13.897 
13.898 
13.699 
13.899 

13.900 
13 .900 
13.901 
13.901 
13.902 

13.902 
13.902 
13~ 903 
13.903 
13.903 

13s904 
13m904 
13.904 
13 .. 904 
13.905 

13 .. 905 
13.905 
13 .905 
13.905 
l3 .. 906 

l3 .. <,106 
13.906 
13.906 
13~ 906 
13 .906 

101.5a2 
102~ 023 
102~450 

1 02~ 865 
103.268 

103.6bO 
104~041 
1045411 
104.772 
105.124 

105~ 1t6B 
105.803 
106 .. 130 
106.449 
106.762 

107.067 
101 .. 366 
101 .. 659 
107 ~946 
10a.227 

1085502 
108.712 
109~037 

109.297 
10'1.552 

l0ge 803 
110.049 
110.291 
1.10. S28 
llO.762 

89.133 
89 .. 529 
89 .. 914 
90 .. 289 
90.654 

91. OlQ 
91.357 
91.095 
9i .. 02& 
92 .. 149 

':12.665 
92 .. 974 
93.276 
93.51Z 
93.661 

94.1415 
q4. ,,23 
94.6'96 
94.964 
95.226 

950 .. 484 
95~ 137 
95.985 
96.229 
96.469 

96 .. 105 
96 .. 937 
97.165 
~H.J90 

97.610 

36.591 
39.981 
4l.370 
42.160 
't.,.150 

45.540 
46.930 
48.320 
"9.110 
51.100 

52.491 
53.881 
55.271 
56.661 
58.052 

59.442 
bO.832 
62. l23 
63.613 
65.004 

66.394 
b7.1a5 
6'i1.115 
70.566 
71.956 

73.347 
14.731 
76.128 
77.5111 
78.909 

",3 972 

- 223.630 
- 223.855 
- 224.111 
- 224.400 
- 224.725 

- 225.087 
- 225.489 
- 225.933 
- :ZZb~421 
- 226.952 

- 227~527 

- 228.148 
- 228.813 
- 229.524 
- 230.211 

- 231.074 
- 231.'i!l3 
- 232.790 
- 233.707 
- 234.658 

- 235~ 645 
- 236.662 
- Z37~ 709 
- 238.763 
- 239.862 

- 241.002 
- 242.143 
- 243~299 

- 2"4 .... 71 
- 245~651 

- lbo. HZ 
164.481 

- 162.621 
- 160.754 
- 1~8.B75 

- 150.9B8 
- 1'55.0'ill2 
- 153.181 
- 151.264 
- 149.329 

- l47.3B2 
- t1t5.4ilJ 
- 143.4/el 
- 141.441 
- 139.439 

- 137.412 
- 135.366 
- 133.301 
- 131.219 
- 129.118 

- 127. 001 
- 12".857 
- 12Z.696 
- 120.520 

llB.31B 

- 116.096 
- 113.656 
- 11l~595 

- 109.:311 
- 107.016 

11.726 
11.23" 
lO.170 
10.333 
9.921 

9.530 
q.16l 
8.810 
8.417 
8.159 

7.856 
1.567 
7.290 
1.026 
6.772 

6.529 
6.2'i14 
b.Ob9 
5.853 
5.644 

5~ 442 
5.248 
5.0'59 
4.878 
4.102 

4~ 531. 
4.365 
4.205 
41.049 
3.898 

STRONTWM DIFLUORIDE (SrF 2) (IDEAL GAS) GFW = 125.6158 F
2

Sr 

Point Group ::. C2v 4..'ffO = -182.7 1,0 kcalimol 

3298.15 69.69 0.50 gibbsiIr.ol a..Yf29B.15 -193.1 1.0 kcal/mol 

Ground State Quantum Weigh"t 

Bond Distance: Sr-f:: 2.20 ~ 0.03 A 

Bond Angle: f-Sr-f = lOB-

Vibrational FreQuencies and Degeneracies 
1 
~ 

1042 (l) 

82 (1) 

4'+3 (1) 

Product of Momentl:l 01 Inertia: IAIBle:: 4.0212 X 10-1111 gJcmti 

Heat of FOI"JDation 

lJHf is obtained from t:hdt of 'the crystal by addit:ion of the aclop1:ed ~H; = 107. S 

;tndlyses of four sets of vapor pressu!'e data for Srf
2
{c, t) are listed bel.ow. 

0.3 kcal/Olo'l. Second and third law 

t.H;, kcallmol 

2nd Law 3rd Law 

r06.I/a 96.1!'0.Sa 

Drift ~Hf2 98 
~ kcal/mol 

-4.8~3.1 -184.01:1.5 

Te:r;p. 
Range. K 

2095-2232 

:Investigator Method 

and Dynamic 
Boucher (l) B.P. 

Bautista and Langmuir 1235-1319 104,5 108.0~O.5 :i'.8t2.9 -182.9:t1.2 
MaI'gl'otVe (2,) 

Green e't al. (~) Knudsen 1207-1563b 107.9 107 .8~O.3 -0.07±0.38 -l83.1!1.0 

Hildenbrand (4) Tot'sion- 1420-1710 103. a 106.5!:O.4 1.7 -lB4.4tl.l 
- Effusion 

ilH;<298 K) 

Six of the 30 expcr'imental points were rejected due to failure of a statistical test, 

Note that the drifts are both positive and negative indicating th~ correctneSS of the functions used in the analysis. 

A weighted value of these four results is adopted. 

J-le.:tt Capacity and EntroDY 

The bond length is that measured by AAishin C:U1d Spi:'idonov (2) in their high-tcllIperature electron diffraction studies of 

t:he alkaline earth dihd:i.ide vapors. Although it was inferred from these measurements that all the diha1ides are linear, recent 

results of dectric-deflection expet:'imcnts (,2) lind matrix isolation infrared spectra (1, ~) for' SrF 2 Cd-n only be sa.tisfactorilY 

interpreted in t:eI'l:lS of a molecule with a bent configul':'dtion. We adopt the vibr'ational frequencies and bond dngle determined 

by Calder et al. (§) in their thorough :i nvestigation of the infrared spectN of isotopically enriched sdmples of SrF 2 trapped in 

krypton matrices. The uncertdinty i:tssigned to the entropy reflects possible errors due to matrix-shift effects in these 

frequencies. The adopted synu:.etric ('.'l) .and antisymmetric (v 3 ) stretching frequencies d.r'e in !'easonable dgreem.ent with those 

determined by Snelson (2) for SrF 2 trapped in neon, argon, and k:r'ypton matrices, Also, the antisymmett'ic frequency is quite 

consistent with the value 455 !. 7 cm-1 obser'ved by Baikov (1) in the infrared spect!'a of SrF
2 

vapor at 2050 K. In an earlier 

paper, Baikov (lO) Nported observing under similar conditions a broad absorption band at 105 cm- l which he assigned to the 

symrtletric bendi~ (\12) mode of Srf
2 • We prefer tht! matrix value (82 em-I), since Baikov (;)2) recorded only 'the high-frequency 

(>90 em-I) portion of this band. Furthermore, Hastie et al. <1.1) have pointed out that in general bending freqlJencies al'e less 

influenced by matrix -effects und l..n SOlll'.:! C<iI.!iCS lLay be shifted slightly upwards f:.nom tILe gas phase values. 

The. ind:ividudl moments of inertia are: IA = 27 81J4 x 10- 39 , IB = 19.985 x 10-39 , and Ie 7.359 'X 10- 39 g cm 2 . 
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Lead Tetrafiuoride (PbF4l 

( I dea I Gas) GFW = 283.1935 

T, >J{ 

lOa 
200 
298 

'00 
400 
500 

bOO 
fOO 
aoo 
900 

1000 

1100 
1200 
1300 
l~OO 
1'500 

1600 
1100 
1800 
190 0 
2000 

2100 
2.200 
2300 
2'.00 
2500 

2600 
2100 
2800 
2900 
3000 

HOD 
3200 
3300 
3400 
3500 

3bOQ 
3700 
3800 
3900 
4000 

''lOa 
4200 
4300 
4<t00 
'oS00 

4600 
4100 
4800 
4900 
5000 

'HOD 
5200 
5300 
5400 
')500 

5600 
5700 
5600 
5900 
6000 

CpO 

~ooo 
14.233 
19~018 
21.734 

21.711 
?1.249 
24.075 

24.570 
24·68S 
25.091 
25·241> 
25.354 

25.435 
25.497 
25.546 
2::>.565 
25.611 

25.643 
25.664 
2''';'682 
25.696 
25·711 

25.722 
2S.732 
2').74-0 
25.74-a 
25.755 

2'.:>.160 
2'.:1.7130 
25.710 
25.775 
25.718 

25·762 
2S~ 785 
25.708 
25. I'll 
25.793 

25e795 
25.791 
25.799 
2 5 .801 
25.602 

25.804 
25·805 
2').806 
2'5.808 
25-.609 

25.S10 
25.811 
25.812 
25.813 
2 5 .f.ll3 

2'5.814 
25.815 
2:'·816 
25.816 
2:5.817 

25.817 
25.618 
25.818 
25. tll9 
2~. 819 

gibbs/mol---- ~ ____ kcal/mol---

SO -{Go-H~:t!IA)rr HO-H"ns Mlf" 6Gr" 

.ooc 
60.069 
7leSS3 
79 4 706 

79.841 
86.326 
91.613 

96~ 050 
<;19'862 

103.200 
106.165 
106.831 

111.251 
113.'067 
11 5 • 5 10 
llL40S 
11 9 .111 

120.825 
121.381 
123.848 
125.231 
126.555 

127~810 
i29~OC7 

DOalSI 
131.247 
132.298 

133.308 
134.280 
135.21S 
136~ 122 
13(::~9'% 

13L64l 
138.660 
139.453 
140.223 
1 4 0.911 

141.697 
1 1.2.40/, 
143.092 
143.162 
144.416 

145.053 
145.675 
1"6.282 
146.87'.:1 
147.4~5 

14 8.022 
148.571 
14~.121 
149.653 
150.175 

152.161 
152.035 

153.100 
153.557 
l54.006 
154.448 
154-.801 

!NF I Nt TE 
97.042 
81.61B 
19.7 0 6 

79.706 
BO.581 
82- 275 

84.21t 
66.181 
88 .10/~ 
89.9'.9 
91 ~ 707 

<;I3~ ;75 
94.958 
96.462 
97.891 
q9.l~1 

100.548 
lOt. 7t17 
102.973 
104.108 
105.198 

10b.245 
107 0 253 
108.224 
109.11:.0 
110.06~ 

11.0.939 
111·786 
112.606 
1.13.402 
114.174 

il't.924 
115.65, 
116.362 
111.0~2 

117. 725 

11S.3St 
119.02l 
119·645 
120.255 
120.351 

122.501 
123.107 
1230641 

12i.~ 165 
124.679 
125~ 182 
1 25 ~676 
126.161 

126.637 
1270104 
127 .563 
12B~0 14 
128. 4 58 

128.894 
129.322 
129.7',4 
130.159 
130.56"1 

- 4~723 

- 3.697 
2·013 

~ 000 

~ 269.759 
- 210.546 
- 210.865 
- UO.900 

.040 - 270.900 
2.299 - 270.833 
4.669 - 270.150 

7.103 
9.577 
12~O 7f 
14~ 5 9 4 
11·124 

19~6fA 

22·211 
2' •• 763 
27.320 
Z9.880 

32.'t43 
35.008 
31.576 
40& 145 
42. n5 

45.Z87 
47.859 
50·433 
53.007 
55 ~ 583 

58.158 
60.735 
63~ 311 
05.889 
68.460. 

71.044 
73.623 
76.201 
18.780 
81. J59 

83.939 
86.510 
89.098 
91.678 
94.258 

96.839 
99.419 

102.000 
10 4.51:11 
1010161 

109.142 
U2..323 
1 !'t~904 
117.486 
120~061 

122.64 8 
125.230 
12 r .811 
130.393 
132.975 

135~556 

138.138 
140· 720 
143~ 302 
145.884 

- 270.blO 
- 27 1.168 

211.121 
- 211.670 
- 271·6l6 

- 271.559 
271.491 
271.437 
211.379 

- ZH.325 

271.279 
- 271.239 
- 271.209 
- Z71ol86 
- 27L173 

- 313.619 
- 313.533 
- 313.470 
- J13.434 

31.3.425 

- 313.44Z 
- 3lJ.48l 
- 313.'>41 
- 313.635 
- 313.748 

- 313.678 
314·029 

- 314.197 
- 314.380 
- 314.579' 

314.113/ 
31'3.009 

- 315.238 

- 318.614 
- 318.880 
- 319.147 

- 319.9't9 
- 320.21 f 
- 3Z0.483 
- 320.752: 

321.021 

JlIn(~ 30, 1967; Dec. 31, 1973. 

- 2t.9.759 
- 267.534 
- lM.364 
- 261.159 

2 61.099 
- 2'.::>1.839 
- 254.603 

251·379 
- 241.978 
- 244.585 
- 241~195 

- 237.813 

- 2]4.43~ 

- 231.061 
- 227.693 
- 224.332 
- nO.970 

- 217.b17 
- 214·2b2 
- 210.917 
- 207.567 
- 204.216 

- 199.319 
- 193.819 
- 188.440 

- 183.005 
- 17l.573 

- 172.137 
- 166.700 
- 161.264 
- 15~.820 

l~O. 382 

- 14lt.934 
- 1 J9.481 

134.02<\ 
- 128.500 

123.089 

11 7 • 6 13 
- liZ.134 

106.b'.5 
101·158 

- 9::'.060 

- 90.1Sb 
1:1 .... 1)43 

- 79.125 
73.601 

- 68.011 

- 62.540 
57.002 
51.448 

- 4~.8'i18 

- '.0·343 

- 34.787 
- 29.209 
- 23.633 
- 18.064 
- 12.479 

6.66"' 
1.297 
4.305 
9.899 -

15.504 

F 4 Pb 

Log Kp 

I~F INI TE. 
564.695 
266. SS3 
191.435 

190.210 
140·871 
111~ 28 7 

9L.565 
71.422 
66.811 
56.510 
51.974 

46.578 
42.062 
38.279 
35.0Z0 
32·195 

29.725 
27.545 
2 ..... b09 
23.876 
22.3to 

20.14] 
19.260 
11. 90 6 
16. ()b~ 
1';.:'23 

14~469 

13~493 

12.587 
1l.743 
10.955 

10.218 
9.526 
S.I:IIt; 
8.264 
7.686 

7.1'.0 

"r-.tlOo 
4¥404 
4.022 
3.656 
3.306 

2~ 911 
2:.051 
2·342 
2.041 
1.763 

1.491 
1.226 

.975 

.131 

.496 

.269 

.050 

.162 

.367 

.565 

L'EAD TETRAFLUORIDE (Pbtu ) 

Point Group:: [Tdl 

(Im:";J~ GAS) G~--i .: 283.1936 Pb 

S;98.15 ;;: (79.71 :!: 3.0] gihbs/mol 

~I;f; ::; -269. S .! 5 kcal/mol 

,'lHf;9S.15:: -770.9 :': 5 kCOll/mol 

Vibrati.onal Frequencies dnd D(H?'enCI'dCl.eS 

-1 
"'i' em 

[56 11 ] (l) 

[1581 (2) 

[570] (3) 

Ll80l 0) 

Bone! Distar,ce: Pb-F c: [2.08] A Bond An~le: 't-Pb-F c: [109" ?8'J 

Product of Moment!; of Inertia: TATB1C:: (1~.S233 x 10-113 ] g3c;:n 6 

Hedt of Formation 

c: 12 

1\ third law andlysis of the partidl pres ;ure ddta d:t 9~a K reported Zmhov e:1: ... 1. <1.) for the <.:qilil jbrLum 7 F'bf 2 (g) 

:.. Pbf 4 (g) -t F'b(g) gives 1'11+(';98 :: -16.15 kcal/mol. T;'l.ere <ire inconsist«rlcies in the published re~ults Dut tne ;:oartia:" pr'essuY·e 

data are correctly .=s:iven ~:l. The second la· .... ,'"leat of reac"l"ior. derived by 2mbov et iiI. (1) froorr, a gC'dphical plot of six ion 

cur!'ent quotient values vs. I';~ciproca1 temperattlre C.lpproximately 1020 to 11.10 K») .,:h>'!r. correct.::d to 798 K, is in dl1:I'8el'l.ent wLth 

the third law vdlue of -16.15 X:cal/7lo1. Combining this hed-t of reaction '.-J\.th , ,d :: -104.0 1: 1. kCdl/cr,<)l. (1) dnd 

fl1f 29a {Pb, g) :: 46.75 1: 0.13 kealimol (1) gives the adoptpd ~) :; keal/mo1. The ad.opt;ed heat of form<!tior 

leads to a. dissociation energy 16.96 eV for tn", process F(g). 'I11is is con!.j ;tent with D; c: B.10 r:.1J 

for Pbf
2

(g) (1) a.nd co; :: 3.61.1 eV ?br<~) (1). 

Heat Caoaci ty Clnd Entropv 

The mO:'eculdr o::.ens"tants and vibrational freq\lenci~s dl'e those C-i.lculatecl by P'..leksandrovs\.;.ay« et 0.1. C.'::..). 

1.) :nistakenly cite this work as observed data. 1-\ jand at 663 cm- 1 was r~cent·y observed in a.n infrared 

and "IdS assignee to md"trix isolated Pbf 4 . C).lclllatiOTi with infrare1 dctive 553 

Cl.LL5 au. Only the calculated fr€'ql\'inci~b :H'e us~d for the present t'able 

Refcpcnces 

K, 2mbov, J. \·1. Hastie, a.nJ ], L. ~!aJ'grdve. Trdns. fc!r;:;.d.1Y Soc. ~. 861 (1968). 

2. J. I,). lL:.1.stie, private Communlcation. Natl. Bur. <;tdl1cldrcL;, D<:!c. 25, 1973. 

rather th"ln 570 

compl""tc~ ObSCl"'V2tion. 

3. JAt~Af Thermochemical Tdbles: ?b(r;), 3-31-57 j 

A. M. Aleksandrovski:l.ya, T. V. Rigina, and r. M. 

1'2-31-73; PbF(?,), 12-31-73; "f(g), 9-30 G5. 

Optics <!nd Spectrosc. 2, 1~95 (l9!>9). 

~. G. Nagarajan, Bull. Sec, Chim. B,""!lges 11, 119 (296"2). 

6. 11. Rddhakrishnan, Indian J. PUr£" Appl. r'hys. 1,402 (196:l). 

7. S. P. Singh, Labde..,., Part A 2) 185 (1959). 

B. R. H. Hauge, J. ' .. L Hastie, and J. L. Hargrave, J. Mol. Spec1rosr.. ~~, 1+20 (1973). 

Later worl-'::;; (2, _~, 

Muge et 0.1. (.§.) 

decrl?ast~s 3 298 by 

F
4

Pb 

.... 
~ 
Z 
~ 
'TI 

-4 
:I: 
m 
::rei 
3: 
o n 
:I: 
m 
3: n 
~ .... 
-4 
~ 
m .... 
m 
\n 

..0 ..., 
U'I 

\n 
c:: 
"'CI 
"'CI .... 
m 
3: 
m 
Z 
-4 

..... 
o 
C1I 



..... 

." 
:r 
~ 
n 
:r 
.". 

~ 

'" ~ 
C 
D 

,D 
< 
!!.. 
,J>. 

Z 
? 

-0 ...., .... 

Hydrogen Monatomic (H) 

( 1 dea I Gas) GFW = 1.008 

_-__ gibbsimol ....... __ ~ ~----kcal/mol-

T, OK 
a 

100 
2CO 
2<;18 

500 

bOO 
700 
80U 
900 

loaO 

1100 
1200 
1300 
1'.00 
1500 

1600 
1700 
11300 
l'ilOO 
2000 

2100 
220D 
2300 
2400 
2500 

3100 
320G 
3300 
.3400 
35iJO 

3600 
:3700 

41()O 
4700 
4300 
4400 
4500 

SlOG 
5200 
5300 
5400 
?500 

~60C 

5-'00 
58;)0 
59(JO 
6000 

Cp" SO -(G~-H":ttl)rr H"-WulI 
.000 

4.968 
4.968 
4.%8 

4.'160 
4.'163 
4.968 

',.968 
4.':l68 
4.91'>6 
4.968 
' •• 9613 

4.966 
4.968 
4.968 
4.'-168 
f •• 96B 

4.9:;.iI 
4.968 
4.963 
4.96tl 
4.963 

4.96d 
4.90ll 
4.96d 

4.96li 
".':l6H 
4. ')66 

4.9h8 
4.',168 

4.968 

4.968 

4 • .,68 
:, .96d 

... 9bU 
't.9'>C\ 
':'.966 
1 .. ':1od 
4.>.)6'3 

4.91..d 
4.963 
4. 'ltd 
4.968 
4.908 

.JOO 
21.964 
25.40B 
27.391 

27. '~2 2 
2B.851 
29.960 

30.<366 
31.631 
~2.29' 
32.880 
~3.40j 

34.707 
.15.0f" 
35.41tl 

3'.7JB 

3~.592 

36~84 7 

37.089 
37.320 
37.541 
3 7 ~ 753 
31.95'> 

38.1'.10 
38.338 
38.518 
.58.693 
3d.S6l 

)9.024 
3'1.182 
39.335 
39. 1.83 
3'0.027 

39.767 
]<;1.903 
40.036 
1.0.16, 
40~290 

40.413 
40~~)33 

40 0 65':' 
40.764 
1.0.816 

loG. 905 

1.1.497 
41.594 
41.&8!:! 
Lol.781 
<'d.tI 72 

42.[36 
42.221 
42.305 

JNFJNI TE 
31 ~ a:J8 
21 ~ '146 
n.391 

27.391 
27.586 
27.954 

2B.366 
2d o f79 
29.113 
29.556 
2<;.917 

30.255 
30.575 
30.d78 
31.165 
31.4)7 

31.~96 
31 .-J4~ 
32.178 
32.404 
32.619 

3Z.821 
3.3.026 
3"1.211 
33.'.02 
33.580 

33.757 
33.918 
34.Q79 

- 1 ~481 
~984 

~48a 

~ooo 

~ 009 
~ 506 

16003 

1.500 
1.99b 
2.493 
2.990 
3.487 

3.984 
4.480 
4.971 
5.474 
5.911 

6.407 
6.904 
7.461 
7.958 
8.455 

8 ~ 951 
9~448 

9a945 
1 o~ 442 
10.939 

II ~ 435 
II ~ 932 
12.429 
12~926 

13.423 

AliI" 
51.634-
51.75i 
51.946 
')2.103 

52. lOb 
52.25'.:1 
:.>2.403 

52.550 

'52.980 
53.li6 

53.252 
530361 
53.506 
53.626 
53.740 

,,3.847 
')3.9:'1 
54.049 
54.143 
54.232 

54.317 
54. 3q8 
54.475 
54~548 

54.618 

')4.684 
54.748 
54.808 
54.d66 
54.971 

54.973 
55.023 
55.070 
55.116 
5~. 158 

')5.198 
55.230 
55,27l 
55.304 
55.335 

55.364 
'.:>5.390 
55.'/14 
550437 
55.456 

55.475 
55.491 
'.>5.505 
'.:15.517 
55.527 

55.536 
55.542 
55.547 
55.550 
'.:>5.551 

':>~. 551 
55.548 
55.':>44 

e.Gf" Log Kp 
51.634 INFINITE" 
50.774 - 110.967 
49~1l1 - 54~32a 
48.589 - 35~616 

486561 - 35.,81 
47.364 - 25§879 
4b.124 - 20.161 

'04.855 - 16~338 

43.56' - 13~bOO 
42~246 !L.541 
40.914 - 9.935 
39~565 - 8 .. 047 

38§204 -
36~830 -
35.4J,.6 -
3' ... 052 -
32.1'.;,50 -

31.240 -
29.824 -
28.402 -
26.975 -
25.543 -

24.106 -
22.665 -
21.221 -
lq~715 -
18.323 

16.611 -
15.415 -
;'3.956 -
12.498 
il.035 -

9.571 -
8.106 -
6.639 -
5.170 -
3.701 -

2.230 -
.759 -
.714 

2.188 
3.662 

5.138 
6.613 
8.091 
9.568 

- !l.04! 

- 12.:'123 
- 14.00l 
- 15 .. 480 
- 16 .. 959 
- la.4],} 

19.910 
- 21.398 
- 22.876 
- 24.358 
- 25.831 

- z-t.318 
- 280796 
- 30.277 
- :n.156 
- 33.236 

7.590 
6.708 
5.959 
~. 316 
4.157 

4.267 
3.834 
3~ 448 
3.10) 
2.791 

2.509 
2~ 252 
2.016 
1.801 
1.602 

1.416 
1.248 
1.089 
.942 
.804 

.135 

.. 045 
.041 
0123 
0200 

.274 

.344 

.411 

.. 475 

.. 536 

.. 5QS 

.651 

.705 
.. 756 
.B06 

.854 

.899 

.943 
,96b 

!a021 

1.066 
t.104 
1.141 
1.116 
1.211 

Dec. 31, 1960; Sept. 30, 1965; June 30, 1974 

h 

HYDROGEN MONATOMIC (H) 

G:::ound State Configuration 25 112 
S;98.15 ::: 27.391 !: 0.00t. gibbs/n:.ol 

Heat of Formation 

(IDEAL GAS) 

E1ectroonic Level and Quantum Weight 

State 

2S112 

-1 

~~ 
0.00 

~ 

GFW ::: 1. 0080 H 
t.HfO :: 51.634 1: 0.001 kcal/mol 

l!Hf298.1S :: 52.103 :!: 0.001 kcal/mo1 

6Hf~ is the value adopted by the Committee on Data for Science and Technology (CODATA) of 'the International Council of 

Scientific Unions (}). The adopted value fo!:' llHf;9S(H, g) was derived using D~(H2) :: 36118.3 t 1 Cll'.-1(103.267 t 0.001 

keal/moD from Herzberog (1). 

?ther ex.perimental values faT' DO(H2) were obtained by Herzberg und Monfils (36113.0 :t 0.3 em-I,"}) and Beutler (35116 

6 cm-l., !!). 
Heat Capacity and t:ntropy 

The electronic levels for' Hep;) are given in the compilation by MooI'e <.~). We include only the ground s'tate in our 

calculations as the remaining levels lie above 80000 cm- 1 and do not contribute to the values of the 'theroodynamic fUnctions 

below 6000 K. The calculated value of 5 298 agrees with t..'lat adopted by CODATA (]J . 
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Iodine Monatomic (I) 

( Idea 1 Ga s ) GH'i 126.9045 

-------~ibWmol---- -------kl"Slfmol------

T. "K 

lUO 
£0(1 
2'JB 

;0,) 

600 
100 
BOO 

1500 

2600 
2700 
2800 
?900 
3000 

4100 
42::10 

4;'0C 

5600 
5100 
5800 
5'100 
6000 

Cp~ so -(GO -W%1III)rr 1I"'-WH8 t..Hf" 6.Gf" log Kp 

• )10 
4.9&6 
4. "bd 
: •• 'lb>l 

1 •• 968 
<t.9bd 
4.96d 

I~. <)!)u 

,. .968 
4,968 
... 'H.'! 
4.·H':1 

4.'173 
".'H7 
4.'-iS3 
t •• ')'12 
')..JJ4 

'.l.JltI 
>.13'1 
').05? 
'S.OP 
'>.09', 

'>.114 
';'.137 
:>.160 
'; . nil 
"i.LU I, 

'5.267 
5.28b 
j.304 

). J?l 
').116 

'>':'1 

5.376 

:'.387 
"i.3H 
5. ',06 

5.426 
").431 
5. l .36 
5.'03':< 
5.442 

').44<0 

5.'.45 
5.446 
'.>.446 
:5.446 

5.446 
5.444 
':>.4<'3 
5.4'·1 
5.439 

5.4)T 
5.'.14 
5.431 
').423 
') ... 25 

.OJO 
37.755 
4l.19<:i 
43.182 

4::>.-(51 

46.656 
41.422 
48.036 
48.671 
49.194 

49.666 
')0.101 
50. ')00 
50.'rj6<> 
')1..214 

51.537 
~l. 842 
'.I2~ 130 
52.404 
52.665 

'12.914 

54.017 
54.215 
54-.406 

,4. 
54.945 
')".114 
5'5.279 
'.15.439 
55.594 

'55.746 
5':> .894 
'56.038 
56.178 
56.315 

'6.449 
56.580 
56. rOB 
56.831 
50.955 

SJ.301 
57.419 
'.> 7.52'! 

57.637 
57.742 
57 e846 
57.948 
58.048 

~8. t 46 
'.>6.2:'2 
'>8.336 
58.'_29 
58.520 

lNFl'HTE: 
47. ~99 
43.1'>36 
43.182 

43.t82 
43.377 
4J.I'.5 

44. t '.>7 
4 t , .570 
44.969 
45.)48 
45./07 

46.046 

46.956 
41.229 

735 

46.623 
4B.tI.2:3 
49.016 
49.203 
49. 38~ 

49.'.>57 
4'1.726 
49.390 
50. 049 
50.203 

50.354 
50. 'jOO 
50.642 
50.781 
50.916 

51.048 
51.177 
5L.303 
~1.426 
51.547 

51.665 
51.780 
51.893 
?2.004 
52.111 

')2.724 
52. d19 
52.913 
':i3.005 
53.096 

53.185 
5:1.273 
53.360 
53.445 
53.529 

- 1.481 
.984 
.488 
.000 

.009 

.506 
1.003 

2.493 
2.990 
3.481 

3.984 
4.482 
4.980 
5.4-18 
5.97i;! 

6.419 
6.982 
7.486 
L992 
8.500 

9.0il 
<t.523 

lO.036 
1 o~ 55::> 
11~ 014 

lla596 
12.120 
12.645 
13.173 
13.702 

14~ 234 
1' •• 766 
15.30l 
1 ':oe 831 
16.374 

lIh912 
1]. 451 
17.99L 
18.'532 
19.074 

19~616 

20.159 
20.702 
21.246 
21.190 

22.334 

25.057 
25.602 
26.146 
26.690 
27.234 

n.ne 
28.322 
28.865 
29.'~OS 
29.951 

18.160 

15.43:' 
11:1.418 
18.522 
18.'.164 
I d.b08 

18.652 
lS .to96 
It!.742 
la.789 
18.831 

18.381 
18.938 
Itl.9'H 
19.0(.'.> 
19.101 

19.151:1 
19.217 
19.277 
1'1.339 
19.401 

19.465 
19.530 
19.595 
19.662 
19.729 

1'!.7'>0 
19.863 

20.068 

20.136 
2J.204 
20.212 
20.339 
20.406 

20a473 
20.539 
20.6;)5 
20.610 
20.734 

20.198 
20.661 
20.923 
20.984 
21.045 

21.104 
21.163 
21.220 
21.277 
{'l.333 

Dec. 31, 1961; June 30, 1974 

25~613 INFINITE 
72.699 - 494606 
19.683 - 21.508 
16.780 - 12.300 

16.726 -
13.S89 -
12.004 -

lO.768 -
9.524 -
8.214 -
7.018 -
5~ 7'57 -

4.491 -
3.221 -
1.948 
.672 
.608 

1.890 
3.175 
4.463 
5.1">3 
1.01t! 

6.342 
9.640 

- 10.940 
- 12.242 
- 13.548 

- 14.B55 
- 16.164 
- 17.475 
- 18 c T88 
- 20.10'5 

- 21.423 
Z2.743 

- 24.064 
- 2'>.389 
- 26.114 

- 28.042 
- 29.373 
- 30.7!l4 
- 3LOn 
- 33.373 

- 1 4 6708 
- 36 6 047 
- 31.389 
- 3a.731 

40.072 

- 41.417 
- 42.164 
- 44.111 
- 45.4&0 
- 46.610 

- 48.162 
- 49.516 
- 50.869 

52.223 
- 53.580 

- 54.939 
- 5b.297 
- 57.656 
- 59~017 
- 6Q~377 

5.24J 

3.922 
2.974 
2.260 
1.704 
1.258 

.892 

.587 

.3:8 
.105 
.089 

.2'56 

.408 

.542 

.662 

.170 

• aba 
.958 

1.0 /'0 
1.115 
1.lB4 

1.249 
1.308 
1.364 
1.41t. 
1.'165 

1.510 
1.553 
1.594 
1.t.32 
1.668 

1.102 
1.73':> 
1. i6b 
I ~ 795 
1. 823 

1.850 
le816 
le900 
1.Q2'. 
i.94& 

1.965 
L~9B9 

2~ 008 
2.028 
2.046 

2.064 
2.081 
2.09ij 
2.llf. 
2.129 

2.144 
2.159 
2~ 1 73 
2e t86 
2e 19<;1 

IODINE MONATOMIC (1) 

Ground Stdte Configuration JP3/2 
5298.15 :' 43.1B2 ! 0.005 gibb~;/mo1 

~~t of Formation 

(IDEA.L GAS) 

Electronic Levels and Ouantum loieigh"ts 

State 

3? 3/2 
3
Pl/2 

t;" em 1. 

7603,15 

~ 

Gnoi ':: 126.90l.j5 

tlHfO :: 25.513 .!. 0.0:'0 kcal/mol 

i!Hf29~L15 :: 25.517 ! 0.010 kca1/mol 

lIHf" is the value adopted by the Committee on Ddta fop Science and Technolog,Y (CODATA) of the International Council of 

Scientific Unions (;'L The a.dopted vd1ue for f,jjf
29S

(I, g) was dt:rived using DO(I:;:) :: 12440,9 "!: 1.1 em-10S.S"!OO ! 0.0031 

kCd1/moll from LeRoy <.~), LeRoy and Ber'stein (~), and Brown (!!). LeRoy (1), LeRoy and Berstein (1), dnd a recent work by 

LeRoy and Berst,,:ir; [§) obtained the dissocidtion energy from the analysis of tr.e distribution of the uppermost vibrational 

levels. Thei:r calculations were based on the data of Brown (,:~), with refeN:nce to the study by Verma (£). 

The adopted ilHfc valu<! differs by 0.02 kcal/mol from 'the p'evious JA,l'.jft,r va.lue <,1). 

Heat Ciipac~ ty and Entropy 

The electronic levels for I(g) are those given in the compilation by Moore (8). We do not include the levels which lie 

above 54000 cm-1 as they do not contribute to 'the vclll.leS of the thcr'modynamic fun~tions below 5000 K. Inclusion of these 

higher levels reduces the heat capacity by 0.004 gibbs/mol at 5000 K. The cdlculated value of S298 agrees with that cldopt.ed 

by CODATA (l'). Thl:! 5 298 value is also 0.002 gibbs/mol less than tl'H2 previous JA.:."IAF value (2). 

~efe!'ences 

1. rCSU-COD.t\TA Task GI"QUp, ,T. Chern. 'I'heru'.odynamics .::,. 331 (l':l72) , 

2, R. J. LeRoy, J, Chern. Phys. g, 26'iB (1970). 

3. R.";. Ll:!Roy and R, B. Gerst:e.in, J. Chern. Phys. 21, JB69 (1970). 

4. W. G. Brown, Phys. Rev. l.§.. 709 (1931). 

5. R. J. LeRoy a.nd R. B. Berstein, Chern. Phys. Letters i. lJ.2 (1970); J. Mol. Spectrosc. ';U" 109 (197lJ, 

o. R. D. Verma, J" Chern. Phys. 11., 738 (960)" 

7, JANAf 'l'hermochernical Tables, NSRDS-NBS 37, JW1e, 1971; I(g) table. dated Dec. 3], 1951. 

8. C. Eo MoorB, U,S. N'atl. Bur. Std., eire. 467, 19 119. 
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!-
"'CI 
;r 

'< 
!" 
n 
;r Lead Monoiodide (Pb I) 
<Ii 
3 

( I dea I Gas) GF\~ = 334.1045 
'" ~ 
C 
Q -----gibbsjmoJ -------- kcai/mol 

;- T. OK Cpo S" -(Go-Wun)(T HO-H~nll "-HF 

< 0 .000 ~ooo INF IN! TE - 2 .. 471 26.500 

0 100 B.26S 57 ~466 74.711 - 1.124 26.459 

:- 200 8.159 63~3q3 67~ 726 .667 26.125 

.l:> 
298 8.880 6t •• 917 66.917 .000 25.150 

Z 
300 8.SS1 606.972 66.917 .016 25.743 
400 B.<ilH 69.515 67.266 .907 23.396 

0) '00 8.96S 11.532 67.921 1.S03 17 .856 

bOO 8.987 73.168 6A~668 2.700 
700 <). 005 74.555 69.413 3.600 

-0 800 9.020 75.158 7C .. 132 4.501 15.925 

"I 900 9.035 1b.622' 70.au! 5.404 15.61'>2 

"" 1000 9.050 77 .. 174 71.466 6.309 15.408 

1100 9.066 76.638 72 .080 7.214 15.11'>1 
1200 9. 083 19.427 72.660 a.121 14.<;1<'3 

1300 'iI.I03 80~ 155 73.209 9.0)0 1 .... 692 

1400 <;l.l2? 80.831 73.129 9.942 14.462 

1500 9.154 81 .. 461 14.224 10.856 14.236 

16QO 9.186 820053 {4.695 11.113 14.008 
1700 9.221 620611 15.144 12.693 13.782 
1800 9.201 630139 15.574 13.617 13.553 
1900 9.303 63.641 75.985 1.4.545 13.324 
2000 9.349 84.119 76.380 i 5.478 L3.094 

2100 9.398 84.576 76.160 16.415 - 29.58B 
2200 9.448 8'5.015 17.125 17.3'58 - 29.727 
2300 C).SOO 6'5.436 71.471 18.305 - 29.,aB2 

2400 9.553 a5.841 77. Bi7 19.258 30.054 
2500 9.601 860233 7B.146 20. 2 It':: - 30.2<05 

2600 9. Mt 86.610 78.464 21.179 - 30.45l 
2700 9.1l4 66.97b 76.713 22.148 30.673 
2800 9.767 67.330 '9.072 23.122 - 30.913 
2900 9.82'0 87.674 79.363 24.101 - 31.166 
3000 9.871 58.008 79.646 l~. 086 - 31.432 

3100 9.922 Se.HZ 79. nl 26.076 - 31.710 

3200 9.972 68~64B eO.188 27.070 - 31.999 
BOO 10.021 88.956 80~449 286070 - 32 .296 
3400 lO~ 069 89.255 80~ 704 29.075 - 32.601 
3500 10.115 89.548 80.953 30.084 - 32.912 

3bOO I 0 ~ 161 89,,834 Bl~ 195 31~ 091:1 - 33.227 
3700 10.20b 900113 81.433 3Z.ll6 - 33.546 
3800 to.250 900385 81.665 33.139 - 33.864 

390lJ 10.292 90.6'52 8l.8n ;4.1bt. - 34. iS4 
1,.000 10.334 90.913 82.114 35.197 - 34.502 

HOD 10.37'5 910169 82.332 36~ 233 - 34.818 

4200 10.416 91.419 82.545 37.272 - 35.132 
4300 10.455 9i.665 82.754 36.316 - 35.442 
4400 10.494 910906 82.960 39.363 - 35.747 
.. 500 10.532 92.l"2 83.161 40.415 36.046 

4600 10.570 92,,374 83.3'59 41.4Hl - 36.341 
.. roo 10.606 92.602 83.553 42.528 - 36.b28 
4800 10.643 920825 83.144 43.591 - 36.909 
4900 10~67e 930045 83.931 (.«.6S7 - 37.184 
5000 10.113 93. 26 ~ 84.11.6 45.727 - H.45;! 

SlOO lO~ 747 93 ~4 7<.. B4~297 46.800 - 37.712 
5200 lO.781 93.683 84.476 47 ~876 - 37.966 
5)00 10.614 93.868 e4~651 48.9'36 - 38~ 212 
5400 10.841 94.091 84.824 50.039 - 38.452 
5'500 I a~ 675 94.290 64.995 51.125 - 36.665 

5600 10.910 94.466 6'50.162 52~214 

5100 LO.941 Clio. 680 95~ 328 53.307 
5800 10.971 94 .. S70 S'5.491 54.403 
'3900 il.000 95.056 65.651 55.501 - 39.554 
6000 11.029 95.243 a5.809 56.603 - 39.151 

June 30,1962; Dec. 31, 1973 

IPo 

aGt'" log Kp 

76.500 r NF! NI TE 
22.32<' - 46.784 
16.310 - 20.009 
14.55-' - 10.66B 

14.484 -
10.662 -
8.258 

6.362 -
4.6'97 -
3.013 -
1.482 -

.079 

1. bl r 
3.130 
4.625 
6.103 
76563 

Cl .. 009 
10.440 

- 11.660 
- 13.266 

14.660 

- 13.038 
- 12.301 

U.559 

- 1Q~806 

- 10.048 
9.279 
8.501 
7.7lb 

6.921 
6.117 
5.302 
4.480 
3.646 

2.801 
1.959 
1.099 

1.523 -
2.415 -
3: .30e 
4.215 -
5~ l2b -

6.046 -
6.966 
7.902 -
8. B36 -
9.717 -

10.724 -
1l.677 -
t2~6·H 

13.600 -
14.562 -

15.532 -
l6,..504 
t 7.486 -
18.466 -
19 .... 50 

1 o~ 552 
5~ 935 
?a610 

2.317 
1.466 
.840 

.321 

.. 510 

.776 
~ <j '>3 

! ~ 102 

1.440 
}.526 
1.602 

t ~ 508 
1.36B 
1.239 
1.120 
l.Oll 

.641 

.562 

.110 
• li6 
.063 
.013 
• 03') 

~O81 
• 126 
~ 168 
~209 
.24<1 

.281 
~ 3 24 
.360 
~ 394 
.427 

460 
491 

.. 521 

.5')0 

.579 

.606 
~b33 

.059 

.664 

.708 

LEAD MONOIODIDE (PbI) (IDEAL GAS) GFI.;r:: 331.:,1045 IPb 
Ground S~a:te Configul"ation 2 n

l
/2 

S;98 15 :: 66,92 :t 0.05 gibbs/mol 

We :: 160.5 cm- l 

Be:: [0.02361] cm- 1 

Heat of fQr.ng~~~"2~ 

!:lectronic l.evels and VUdntU'1' · . ...-eights 

Std.'t<2 

A r 261 

B t 2Z;) 

WeXe 

a 
e 

~ 

t 33001 

:20528,5 

33488 

0.25 cm-1 

[0.00006] cm- l 

~ 

[4J 

[71 

L.Hf; "" 26.50 :t S kcallmol 

tlHf29a.15 25.75 ~ 9 kca1/mol 

~T :: 1 

" e 
[2.735) P. 

g-} :: 26.:'0 ": 9 kcallmal is calcula"ted from D(~ : lJG ~ 9 kcal/rnol wit .... uHf 
0 

(Ph, .,<:) "" 46.91 ! 0.13 kcal/mol (1) 

, g) = 25.633 kcal/mol (1). TIle dissocia:tion Pllergy :'s uncertain. Both Rosen (1) and Ga.ydon (2) referred to the most 

value of n; = 1.93 eV determin;!d by ,·li21and and Newburr;h (~) from emission and ilbsorptio~ spectr·a. IlLtel"'pre"tation is 

difficult and Wieland and r-I·ewburgh <!!., ~) have o;iven possible value~, of 2.84, 1.98, ilnd 1.36 eV with 1.98 eV given as the most 

probable value. The lineal"' Birge-Spener eAtrapolat:ion of th~ adopted ground state: vibrdtlonal constants, derived from emission 

dnd absot'l1tion 'ipeC~I"a. (v, 0-35) (~), gives a dissociation energy of 3.18 eV, Correction for the ionic char-acteT.' of PDI as 

sugees"ted by Hildenbrand C.§.) .r,.ives ::: 2.7 eV (52.3 kC-3.lImo1). This is -:'n bc:tn::f' 3£:r'eement: wit:h the original D~:: 2.Bh eV given 

by 'l'iieland dnd N"ewburgh (.2.) than it. with ::; 1.9B eV recolll.';1ended lCl:t-t:r (~). An intercomparison of the di.5sociation encrgi~s 

of lead (.1,), merCtl!')" (1.), and potassium (1) suggests a D~ v<:;lue near llS kcal/'1'ol, 'The I'oilnd~d value D~ = 2.0 .! 0.4 eV 

(46 1: 9 kcal/moU listed by Gaydon (1) is adopted. lIHf;98.1S(PbI, g) ':::. 25. 7S ~ 9 kCdl/mol is ~al<.:ulated from the selected 

ll.HfO (PbI, g) :::: 26. Eo .:!: 9 kcal/mol. 

HeC! t: C<! p.'i~j~_y __ ~!!<;:1 Entropy 

TIuo vibration,,-l constants a1:'e til-ken from the o::ompila""Cion of Rosen (?). The electronic sta.tes an.d levels are from 

Rosen (1.) except that "the 2U
3
/2 state a: B300 cm- 1 is a.dded in iiDdlogy t~ rbF (.1) and PbCl (1). The value of re :: 2,736 r~ 

I.S e~tima.h~cl from a comparison of the sums of the ionic radii of the lead halidt?s with the adopted r~ values for PbF, PbC:', 

and PbBr (}). Be is calculated from the adopted re' The value for CL
e 

is es-cim<J.ted aSS\.lmLn~ a Morse potential function. 

J1.efer€J1.ces 

1. JANI'>.f Thermochemical Tables: Pb(g), J-31-62; I(g), 17-31-61; PbF(g), 12-31-73; PbCHq;), 5-30-73; PbBr(g), 12-31-73; 

2. 

3 • 

'. 
5 . 

6. 

KFCg), 6-30-69; KCl(g), 3-31-65j KBr(~), 3-31-67; KI(g), 6-30-57. 

B. Rosen, Ed., "Spectroscopic Da'ta Reld1;ive "tb Diatomlc Molecllles," Per~amon Press, New York, 1970. 

A. C. Gayden, "Dissocidtlon Energies and Spect:ra of Diatornic l101ecules,'' Jrcl ed., Chaprr,an and Hall, London, 1968. 

K. Wieland and R. Newburgh, Helv. Phys. Acta 22, 87 (l9tJ2). 

K. Wieland and R. Newburl'l"h, Helv. Ph:;s. Acta 12., 590 (19 119), 

in "~.dvances in High Temperdture Chem.istry," Vol. 1, L, Eyrin~, Ed., Academic Press, Net~ York, 
pp . 
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Strontium Monoiodide (Sr 1 ) 

( Idea: Gas) GFW = 214.5245 

gibbs/mol ----
T, OK Cpo S" --(Gc-H~28Ij)n' HQ-UOu!I 

0 .000 .000 1 "-IF INI TE - 2.459 
100 B.Un ~'5 .6~5 72. S07 1.718 
200 ~. 7 31 61.'515 65.842 .865 ,.8 ~. 815 65.033 65~O3) .oce 

300 8.871 65.088 65.034 .016 
400 8.940 67.652 65.383 .908 
500 8.'nS 69.651 66.044 1.80', 

600 q.OOS 71.290 66.786 2.703 
700 9.028 1( .6BO 67.53t 3.60':' -
800 9.048 B.aR? 68.252 4.508 
000 9.067 74.954 68.938 5.414 

1000 9.085 75.910 69. SS8 6.322 

1\ 00 9.102 76.777 10.203 7.231 
1200 1.118 77.5b9 70.184 B .\42 
1300 'l.I]" 78.300 7t.335 q.OS? -
1400 9.151 78.977 7l. AS7 9.96'J 
1500 9.168 '9.609 72.353 10. 8 8 ~ -
1600 <j.184 flC.2QZ 72.825 11.602 -
1700 9.202 SO. 7'59 ?3~ 27 5 12.722 
1800 Q.221 81.285 71.106 13.643 
19Q0 <).241 81.78" 74.118 1 4 .566 
2000 9.261 AZ.259 7'+.513 15.491 

2100 9.287 8Z.1I1 74.8'B 10.419 
2200 9.114 fl3.144 75.258 17.349 
2300 9.344 8,.559 15.610 18.281 -
2"'00 9.378 Sl.9';;? 75.950 19.218 -
2500 Q,41 h 84.341 76.278 20.157 

9.4'57 84.711 76 .. 595 21.101 
9. :'03 !'!5.069 76.902 22.04<; 

7.800 9. '5<;3 85.415 17.200 23.002 
2900 9.608 85.751 77 .4a9 23.SbO -
,000 9.667 fl6.0J9 77.770 24.CJ2J -

~l 00 9.730 86.3'1& 78.043 25.8Q3 
3200 9.797 !.l6.7Gb 78.309 26.869 -
3300 9.868 87.00'"! 18~ '568 27. 8'53 -
3400 9.943 81.304 71'1.821 2B .84 ~ -
3'500 10.021 81. ~94 7'1.067 29.84} 

1600 10.102 .'11.877 79.308 10.848 -
3700 1001 86 R8.15'> 79.544 31.862 
3ROO 10.272 iH!.428 7-:;.774 32.9E5 
)900 10.361 ~B.696 79.999 B.'H6 
4000 10.4S1 !:l3.9<;9 80.220 14.951 

4100 10. ~4.2 89.218 BO.436 36.007 -
4200 to. "'3'5 S9.'.73 SO.648 37. C65 

~ 
4300 10.728 A9.725 80.8':>6 38.134 
4400 10. an 89. 'HZ 81, 061 39.211 

." 4500 !0.Cl16 90.217 fll.262 4C.ZC;e 
:r 
~ 4600 11.010 90.4'58 81.459 41. 3q4 

4700 11.101 90.695 81.653 42.500 

n 41'100 11.195 90.9)0 81.844 43.M 5 

:r .:,qoo 11. 286 91.162 82.031 

'" SOOO 11.376 91 ~ 3<'Jl 82.216 

3 
'ilOO I t.464 'H.617 82. )99 47. CI4 

'" 
5200 11. 551 91.840 R2.578 48.165 

'" 5300 11.636 Q2.061 HZ.755 49~324 -
:->' 5400 11 0118 92.2130 82.929 50~ 492 -
C 

<)500 11. 7 'F) 92.495 1l3.101 51.668 

Q 
5600 n. tl77 '124709 R3.211 52.852 

C -;700 11.9')2 92.919 83.438 '54 .O ... ~ -- 5800 12.026 93.128 fU.603 '>S.242 
< ;900 12.096 93.1}4 8:.>-.767 5-:'. 41o, f 

!!.. ~OOO 120164 93.538 63.928 57.601 

,l>o 

Z June 30, 19710 

? 

.0 
'I 
til 

kcal/mol 

""r 
6.650 
6.59"-
6.920 
7.288 

7.296 
9. b50 

15.214 

1'5.506 
15.844 
H •• 23'" 
16.662 
11. ],07 

20.441 
20.822 
21.203 

21.'582 
<;4.535 
'54 ~570 
'54 e o',07 
54~ 6':,1. 

'>4.682 
54.722 
54.765 
';4.813 
54.867 

54.927 
54.998 
155.080 
55.176 
55.2B7 

':>5.416 
55.565 
55.737 
55 ~934 
560157 

')6.409 
56.690 
57 .003 
57.349 
57.129 

'.i8.143 
58.591 
')9.013 
59~ 1)89 
60.13ft 

6 4 6051 
64.19J 
65.548 
66.323 
67.114 

67.917 
6B.710 
69.5:'2 
70.380 
71.213 

OCr' log Kp 

6.650 INFINITE 

- 18.885 
22.b16 

- 25.324 

- 21.320 
29.264 

- 31.154 
12.917 
34.743 

- 36.155 
- 37.854 
- )<;).321 
- 40.759 

42.171 

43.555 
- 44.012 
- 43.392 
- 42.770 

42.14' 

- 41.521 
- '.0.6<;l4 
- 40.264 

19 ~ 612 
- 38.999 

38.362 
- 37.724 
- 37 ~Q82 
- 36.438 

35.791 

35.138 
34.482 
33.820 
B.154 
32.480 

- 31.901 
- 31.113 
- 30.417 
- 29.713 

29.001 

- 28.276 
- 27 .')42 

26.799 
26.042 
25.273 

24.491 
23.696 

- 22.690 
- 22e069 
- 2t.234 

23.663 
16.340 
13.790 

13.757 
12.157 
11.069 

9.951 
9.136 
8.511 
B.OOB 
1.593 

7.223 
6.894 
6.610 
6.363 
6.144 

5.949 
5.658 
5.268 
4.920 
4.606 

4.321 
4.062 
3.826 
3.609 
3.409 

3.225 
J.05t. 
2 ~ 894 
2.746 
2.607 

2.417 
2.355 
2.240 
2.131 
2.02B 

1.665 
1.585 

1.507 
1.433 

t.042 
.984 
.928 

- 20.366 .874 
19.523 • B21 
to9.644 .169 
17.,750 e71B 

- 16.646 .66<) 

- 15.926 .622 
- 14.989 .575 
- 14.039 .529 

13.075 .4fJ4 
- 12.09& .441 

ISV' 
STRONTIUM !10NOIODIDE (SrI) (IDEAL GAS) GfW ;:: 2111.5245 ISr 

Ground State Configuration 2Z+ 

S299.15 = 6:'.03 !: 0.05 gibbE/mol 

6Hfa ;:: b.65 ! 20 keal/mol 

::;lH298.15 7.29: 20 kcal/mol 

Heat of :Formation 

Electronic Levels and Quantum WeiFhts 

State 

~ 
A 211 

" 
2IT 

D 2£: 

(.)e ;:: 173.9 cm- 1 

Be [0 .03511] crn- l 

ti.' em 
-1 

l4:J.22. "7 
14815.9 

14748.8 

22566.1 
23223. I.; 

28928.3 

WeX\:! :: 0.42 cm-
1 

Q.e = [0.000111 

gj 

Q '" 1 

re = r 3.031 A 

The adopted OHf; = -6.65 ~ 20 kcal/mol is obtained from DO ::; 71.5 kCdl/mol calculated from the r<:ltio DO(Srl)/DO(SrI
2

) = 
0.46, This value for the ratio l-1as fOW1d for a series of lllono- and difluorides (;I,) .. ,md for other alkaline earth halide 

systems (1). Other values for DO in xcal/mol are 54.6 obtained from a linear Birge-S'poner extrapoldtion of we and UlcXe data 

(~) with a correction for the ionic character of the moleCUle as described by Hildenbrand (~), 67.3 obtained by Krasnov and 

Karaseva. (.§) as a lower' bound from a consideration of ionic bonding forces, and 6$ obtdined by MilT's, Lin, and Herm <'§.J r:iS a 

lower bound f'!'om d consideration of energy conservation and measured reaction threshold ('~lative kinetic energy from crossed 

ro1eculal' beam experimen-cs. lIHf29B '" -7.79 ~ 20 kcal/mol is calculated from thE: adopted .1HfO :: -6.65 kca1/mo1. 

Heat Capdci ty and Entropy 

The ground state vibrational constants are from the compilil"tion of Roser: (]). The value of T'e :: 3.03 ;, is assumed the 

s.:une as the bond distance. in SrI2 (1). Be is calculilted from the adopted reo G
e 

is calculated assuming a Morse potential 

function. 

The electronic levels and tht!1.r designations are f!'om Ashrafunnisa, RdO, and Rao C.Q., 3i) and Reddy, Reddy, und Rao (1.9). 
The data are similar to the Value6 in Ros«:!n (1') bl.l't are more complete. The D 2:1; level iE confirmed by Shah, Pet.al, and Darji 

(11) . 
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Lead Diiodide (PbI
2

) 
I 

(Crystal) GF!,V 461.009 

~~~~gibbs!mo!-~~_ _____ kcal/mol ____ _ 

T,"K 

'00 
400 
500 

f.>_O_O. 
700 
800 
900 

1000 

CpO S" -(GO-W':$ll)!T W-W2'U ~HF 

• 000 
16.660 
18.020 
18.540 

13.550 
t8.S"7 
19.214 

.000 
2Z.H9 
]4.496 
41. -,g-, 

41.902 
4-'.2136 
51. '524 

43.466 
4i.7TH 

41.767 
42.519 
43.911 

_20aD9Jl_ . __ .55_._0_'N _ __ ~].!"~_B~_ 
21.210 '53.260 47.086 
22.710 61.18<) .. a.668 
,>f •. ',81 fl3. <;167 50.215 
26.306 66.640 51.724 

- 4.661 
- 3e 547 
- 1.794 

.ooc 

.034 
1.90 I 
3.Se6 

- 41.783 
41.821 
41.849 
41.920 

41.922 
45.873 

- 56.170 

5.764 - ')5. 79q -----j:B2r--: -5f.,-.-s-fo--
10.017 55.937 
12.377 55.195 
1' •• 915 ';.4.266 

Harch 31, 1962; I:€c. 31, 1973 

~Gr 

41.783 
41 * 122 

- 41.615 
41.466 

- 41.483 
410lSl 
39. J44 

log Kp 

lNF III< I rE 
'11.184 
45.474 
30.410 

30.221 
n.504 
11'.066 

_}?-"P5J _____ t~._'!.~~ 
32.139 10.034 

- 26.693 7.839 
25.331 6.151 

- 22~060 4.621 

LEAD DIIODIDE (PhIZ) 

lJ-l.79 :!: 0.05 gibbs/mol 

Tn: = 583 '!: 2 K 

Heat of formation 

(CRYSTAL) GfW ~ "61.009 [ ;J'Pb 
lIHfO '" -41. 78 ~ 0.10 kcal/mol 

ti.Hf 29 B-.lS::: -41.92" ~ 0.10 kcal/mol 

l'IHmo :: S.6 t 0.2 ;"::cal/mol 

tJHS29S.1S :: 41.16 kCd.lImol 

Koref and Braune (1) cetet'mined bHf
29

&(PbI 2 • c) ::: -1~1.8S0 kcal/lOCol by heat of solution calorimetry. Third law analyses of 

emf data at 2913'.15 K repo:::'tec1 by Ge:r-ke (2) and Cann and Taylor (1) for the react:'on Pb(c) .. I
2

(c) :: PbI 2 (c) lead 'to D.Hf 2Sg (PbI 2 , c) 

:: -41.923 and _1'1.92'5 keal/mol, r'espectively. 6.Hf29S (PbI
2

, c) :: -111.9? '! 0.10 kCdl/mol IS adopted • 

Heat Capacity and Entropy 

McBrid'" (!:!:.) measured the low temperature heat: c,apacity (4.52-291.00 K) of PbI
2

, 'Enthulpies have been f'leasured by Ehrhardt 

<.§) (41.18-776 K), Mdgnus (~) (373-523 K), and Li.nsey (1) (323-877 K). The enthalpy data of Linsey (2) is subjected to il curVe 

fitting procedure subject to the constraint that it join smoothly in the ['egion of 29S- K wi1"h the enthalpy derived from the heat 

capaci'ty datd. of McBride (!.:.). :: 0.562 eu is adopted from McBride (!.:.). The data of Linsey (2) did not indicate any transitions 

other than the solid-liquid at 693 }(. 

11el ting Data 

G/2f'lThJ.nn and Met;,; {.!!.), van Klaost:er and Stearns <'2). and POJ)ovkin, Odin, and Novoselovd. (lQ) determined Tm:: !;lBS ! 1 K. Blanc 

and Petit (.11) found Tm :: 680"K. SUffidrokovd and Modestova (.l.2) found PbI 2 to ex.ist in two crystalline forms with the a-~ 

transit:ion at 645 K. On a DTA cooling curve, Popovkin, Odin, and Novoselovil (J..,Q} observed a peak at 656 K which chey attribute 

"'to the ~-a transiti.on. Hodestova dnd Sumarckova (11) observed the ~-fol"'rn to melt at 669 ·K. Ehrhdrdt's (~) drop calorimetry data 

and his interpretation of the enthalpy increase <1t 6)18 K as indi.cating the mel ting poin't dre con~jistet1t with the existence of a 

~-phase. The observation by Novoselov8, Odin, and Popovkin (l.:~) th~t only the a.-form crystallizes on cooling melts of the PbI 2 
rich region of the PbI

2
-PbSe system is consistent with the interur-etdtion that the r-eference state for t:hrhardt's wor-k is a-PbI 2 • 

The enthalpy lTH~aSUrernents by Linsey CO led to a reported value of Tm :: 683 K. Thifi value Is adopted, 

from a plot of Ehrhardt's enthalpy datH, t.Hm -:: 5.43 to 5.52 kcal/rnol at 6aS K is obtained. Kelley (l§) derived 5.57,5.67) 

and 5,80 kca1/mol from phdse diugr-am information and also gives 6.01 kcal/mol {l.§.). Another analysis (11) has resulted in 6Hl1l 

= 5.20 kcallmol. Blanc and Petit's (Jo1) value of 3.87 kcal/mol is too low. The enthalpy data of Linsey (2) was analyzed to 

yield 6Hm :::: 5.6 kcal/rr:ol. llHm" '" 5.6 :!: 0.2 kcal!mol is adopted. 

HeH't of SubliIlldtion 

Mls
29S 

is calculated from ;the difference between the adoD'ted values for' lIHf?9B' of the gas and crystal. 'Refer to PbT~{t;) 

tdble. 
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Lead Diiodide (PbI
Z

) IZPb 

(L i qu i d ) GF;,~ " 461.009 

T, 'K 
a 

100 
zoo 
Z9B 

300 
400 
~oo 

600 'foe-
aoo 
900 

1000 

-gibbs/mol---_ kcalJmol-

Cpo S' -(GO-H~ulJ)rr HO-H°!HI. "HI" "GI" Log Kp 

18. ';.40 47.519 47.539 .000 3 T .681> - 38 c<:ft;,7 26.564 

1 ",550 47.653 47.539 603':" 37.688 38.975 28.393 
18.847 ?3.038 4B.271 1.'N? 41 .639 39.254 21.44~ 

25 • .::150 57.847 49.666 4~ 080 51.f>b2 - 31.698 10.478 

15.950 62.578 ')1.453 6.67,:> - '50.65'- - 35.000 12.749 
-:2 5:95'0-- -- -66-.-of79 ~- --S3:'3Y5- --- ---9: 2 fc-- -:-- Yo-.-a"ia - --: --32: 279-- - - - -ro;on 
2').950 70.044 55.212 11.665 - 49.855 - 29.6GS 8.112 
25.95073.10057.033 14.460 48.878 21.234 6~613 
25.950 75.534 58.1'79 17.055 - 47.894 - 24.S81 5.438 

1100 <,5.950 7a.30A 00.444 19.650 - 46.Q05 - 22.628 4.4"16 
y[o-o- - - --2:;: 9 ~"(f - - - -8-0-.-5 b& - - - - 6:2 ~"O Y8- - - - - -i 2:2" 45 -- -: -- :'-5-.-9" f 0" - - -:-- 20: 4-64- - - - - - -, ~ 72 '7 
1300 25.950 .<32.1043 63.535 24.840 - 44.9£0 - 18.384 3.091 
1""00 25.950 84.566 64.969 27.435 1~3.912 16~382 2.557 
1500 25.950 86.35/;) 66.336 30.030 - 42.914 - 14.450 2.105 

Mal':"ch 31, 1952; Dec. 31, 1973 

LEAD DtTODIDE (PbI 2 ) 

S29!1.1:' .= "17.539 gibbs/mol 

Tm ::; 683 2 r( 

Tb 1105 K 

Heat of Formation 

(LIQUID) 

I'lHf291L15 

GFW" "61.009 I ZPb 
-37,586 kcal/mol 

~Hm~ 5.5 -+ 0.2 kcal/mol 

c.Hv" 28.34- kcal/rnol 

6Hf2SB(PbI2t t) :;; _37.E!8S kcallmol is obta.ined from the sum of the heat formation of "the crnjstcil, the heat of melting~ and 

"the enthalpy difference of tne crystal and the liquid between the melting point and 2<:18.15 K, H683-H298.' 6Hf(t) can also be 

obta~ned from a second and third law analysis of emf data for the cell reaction Pb{t) ~ 1 2 (g) = PbI 2 (t) as reported by Murgule6cu, 

Sternberg, and Terzi (]) in the form of an equation covering a ranee of 723 to 92"3 K. The enthalpy changes for the reaction are 

-57,65 '!: 0.18 kcal/mol Ond law} and -52.74 1.08 kcal/mol with a drift of 5,8 ~ 0.2 eu. With auxiliary da't:.,. 

t) '" 1.025 kcal/mol C.£> and 6Hf
29S

(I2
' 

g) :;; 14.924 kcal/mol (1), IjHfi9S(PbT2' .0 = _1.>1.70 kcal/mol and -36.79 

kca1/mol from the second and third la.w respectively. 

He<Jt Capacity and EntPOpy 
The heat capaci ty is aS$um€cl to be constant at 25.95 gibbs/mol from 460 to 2000 K and is based on a linea:::' l~ast: squares 

fit of the liquid range enthalpy measurements (683-1:177 K) of Linsey (~), The enthalpy measuremen"ts of Ehrhar-dt (J) for the 

liquid range covered a smallcr temperature T'egion (687-176 K) and are considered less reliable. A least squares fit of 'the 

Ehrhardt data (1) 1edCis to a heat capacity value of 32.5 gibbs/mol. A glass transition is assumed at 460 K below '.oIhich the 

hea't capacity i.s 'that of 'the crysta.l. 
S29S(PbI

2
, .0 '" 47.539 'eu is calculated from the crystal en"tro,?Y in a manner similar to the he;,t of fOY'mation calculation. 

Vaporization Data 
Tb '" 1105 K is calculated ;~s the temperature at whlch lIG r Q '" 0 for "the rea.ction PbIl'{c) ::: PbI 2 (g)· nEv":: 28.34 kcal/mol 

is calcu1a'ted as the diffeI'ence between IltiC at Tb for the ga.s and the liquid. 
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Lead Ciiodide (PbI
2

) 

( I dea I Gas) GFW 461.009 

~---&ibbs/mol---- kcal/mol--

T, OK Cpo s· -(Ga -H"2fls){f HQ-WDII .mr "GF 
~OOO .000 INFINITE - 3~ 701 .271 ~211 

100 12~8bO 11.219 98~O12 - 2c o79 .207 4~5 71 
200 13.607 80.438 87 ~ 163 1.345 ·240 9.194 
298 13·.770 6'5.90B 85.908 .000 .160 - 13.481 

300 13.772 85.993 85.908 .025 .771 - 13.5:>9 
400 13.831 89.964 86.449 1 ~406 5.214 17.599 

500 lL860 93.05 /, 67.472 Z.791 - 16.025 - 1<;1.665 

600 t3 .. 1;175 95.562 8S.620 4.178 - 16.225 - 20.374 
700 13~8S4 97.722 89.111 5.566 - 1 7 • 6 0& - 20.858 
800 D.690 99.576 90.883 6.954 - 17.840 21· 306 
900 13.894 101.213 '>'1.942 6.344 - la.ObS - 21.126 

1000 13.897 102.677 92.944 9.133 - 18·290 - 22.120 

~!QQ _____ t3_o_9_0_ Q __ 1 Q~-!.9.9J. _____ ~1_ ~~ ,!Q _____ JJ._oL2) ____ :: __ !§.! ~_O.9 ____ -=- __ Z~:t:t9~_ 
22.845 Il00 13 ~ 90 1 105.211 94.183 12.513 18· 716 -

1300 13.903 lO6~324 95.629 13.903 - 18.921 23 .. 160 
1400 13.904 107.354 96.430 15·294 - 19.127 23.501 

1500 13.904 100.313 '17.191 Hh684 - 19.334 - 23.806 

1600 13.905 109.211 91·914 18.074 - 19.545 - 24.09 6 

1700 13.906 110 .. 054 98. &04 19.465 - 19.759 - 24~3H 

1800 13 .. 906 110·849 99.262 20.656 - 19.979 - 240640 
1900 13. 9 07 111 .. 600 9<).892 22.246 - 20.206 24"S<}4 
2000 13.907 112 .. 314 100.495 23.637 - 20.438 - 25.135 

21 00 13.907 112.992 101.074 25.028 - 63·126 - 23.611 
2200 13.908 113.639 101.631 26.41 8 - 63.279 - 21 .. 937 
2300 13.908 114.2:57 102.166 27.609 - 63 ~453 - 20 ~O53 
2400 13~908 114 .. S49 102. 6 83 29.200 - 63.649 - 18.160 
2500 13 a 90S 1l5.411 103.181 30~ 591 - 63.870 - 16.263 

2600 13.908 115.91';.3 103.662 31.982 - 64.113 - 14.353 
2700 13.908 116.487 104.127 13·372 64.379 - 12.435 
2800 13.909 116.993 104.576 34~ 763 - 6'.0667 - 10 .. 504 
2900 13.909 117 .. 481 10S.0U .. 36.154 64a9}"4 8.564 
3000 13.909 111 .. 9 53 tOS.438 37.545 - 65.301 6 .. 615 

HOD 13.909 118-409 105.849 38.936 - 65.645 4.6!12: 
3200 13.90 9 118 .. 851 106.248 40.321 66.006 2·680 
3300 13 .. '109 119.279 106.637 41.718 - 66.361 .693 
3400 13.909 119.694 107.015 43.109 - 66·769 1.303 
3500 13 ~ 909 120.091 101.383 44.499 - 67.169 3.311 

3600 13.909 120.489 107 ~ 741 45.890 - b7~516 5.330 
3700 13 .909 120~810 108 ~091 ~1 .. 2e1 6-'~9q5 7.360 
3800 13.909 III ~ 241 lO8~40}2 48.672 - 68~411 9.404 
3900 13.909 121.602 108.765 50.063 - 6.8.846 11 .459 
4000 13.909 121.954 109.091 51.454 69.216 13 • 5 17 

4100 13 .. 909 122 .. 2 9 0 109 .. 409 52.845 - 69.713 15.597 
4200 13.909 122 .. 633 109·120 54.236 70.150 17.685 
4300 13.909 122.960 110.Q2" 55.627 - 70.588 19.776 
4400 13.909 123·280 110 .. 321 57.01a - 71. 0 26 21.864 
4500 13.910 123.')93 110 .. 613 58.409 71.463 24·002 

4600 13~910 123.898 1l0.898 59.800 - 71.899 26.130 
410 0 13.910 124.197 111 .. 173 61.191 - 72·332 26.260 
4800 13·910 124.490 111 ~ 452 62.582 - 72.764 30 ..... 10 
4900 13.910 124.711 111 .. 121 63.913 - 73.l'B 32.563 
5000 13.910 125.058 111. 98 5 &5.364 73.620 34.724 

5100 13.910 125.)34 112.244 66·755 - 74~O43 36.894 
5200 13.910 1 25 • 604 112.499 68.146 14 ~46";' 39.074 
~300 lJ.Ql0 125.86Q 112" 748 69.536 14.882 41.265 
5400 13.',110 126.12.9 112.994 70.927 75.297 43.463 
5500 13.910 126·384 113.235 12.:HS - 75.709 45.661 

5600 13.910 126.634 113.472 73.709 - 76.118 47·870 
5700 13.910 126.BSl I13.70!> 15.100 - 16.525 50.CBb 
5800 13.910 121.123 113.934 76.491 - 760929 52.315 
5900 13·910 127.360 114 .. 160 77.88,2 71.331. 54.544 
6000 13.910 127.594 114.382 79~273 - 77·731 56.783 

March 31, 1952, Dec_ 31,1973 

I/b 

Log Kp 

I/\iF INI TE 
IO~OOZ 

lO.OH 
9.88;: 

9.818 
9.b16 
8.595 

7·421 
6.512 
5.820 
5.276 
4.834 

_ __ 't.".'!,.~2 
4.161 
3.897 
3.669 
3.469 

3.291 
3·133 
2.992 
i.8b3 
2.747 

2.478 
2.179 
1.905 
1.654 
1.422 

1.207 
1.007 
.8l0 
.645 
.462 

.329 

.183 

.046 
- • 084 
- .201 

--
- ~ 541 
- .642 
- .739 

- ·831 
- .920 
- 1.005 
- 1 .. 087 
- 1.166 

- 1 ~241 
- 1.314 
- I. 36~ 

1.4 52 
- 1.518 

- 1.581 
- 1·b42 
- 1.102 
- 1·159 
- 1.814 

1.868 
1.920 

- 1.911 
2.020 
2.06 8 

LEAD DlIODIDE (Pb::: 2 ) 

Ground State Quantum Weight = [l..J 

Point GI'OUp ;;; c2v 

$298:.15:: (S5.91 t 2.0] gi.bbs/mol 

(IDEAL GAS) GfW 0 461.00,[2Pb 

lI.Hf; :: 0.28 t 1.0 kcal/mo1 

tiHf 29 a-.15;;; -0.76!: 1.0 kcal/mol 

Vibrational Fr-cguencics a.nd Degeneracies 

Bond Distance: Pb-·r 2. 79 -~ 0.02 A 

Sand Angle: Br- Pb- Br :; (95,.0] 

-1 
(i)i' em 

[100] (1) 

[ J<O J (1) 

(lCO] (1) 

PI"oduc:t of Moments of Inertia: IAIaIe:= [2.94-78 :< la-Ill) g3 c I!l6 

Heat of Form.ation 

a ':: 2 

The adopted value of !l.Hf
29

8' :: -0.76 :!: 1.0 kcal/mol is the ave'!"age of results from third law analyses of n.:o sets (1,,1) of 

sublimation data and one set (V of vaporization data. Auxiliary d.,ta AHf29g(PbI'2' c> ;;; -41.92' kcal/mol (.=!) and c. Hf i9B' 

(PbI
2

, t) ;;; -37.686 kcal/rlbl (~) are used in the calculations. The adooted heat of fO:r;'lIlation foI" PbI 2 (g) yields a dissociation 

energy of D~:= 'l.29:eV for the process PbI 2 (g):: Pb(g) + 2 I(g). 

Investigato):" 

Niwa et 13.1. (J) 

DUncan <J.nd Thomas (?) 

Jellinek and Rudat (~) 

(A) PbI
2
{d:: PbI

2
(g) 

(ED PbI
2

' t) ::: PbI 2 (g} 

Reaction 

A 

No. of Temp. 
Points Range! K 

579-,650 

13 563-613 

92'3-1073 

.. 'lIHfi98'.lSCPbI2, g) calculat_ed from 31'd law values 

lllis" (01' v), kcal/mol 

2nd Law ~ 
39 ;17~O. 37 41. 54!O.16 

39 :41.~O.I.;O 40.24!:O.O9 

3~_19rlL52 37.49t:Q,32 

Drift 
~ 

2.9~.60 

1.!.J.!:0.7 

2. 3tO ,6 

-!l.!-if29 8'(PbI
2

, g)" 

kcal/mol 

0.38 

1.69 

~o. 20 

Heat Capacity and Entropy 
Molecular din:ensions are those given by Sutton (~). Vibrational frequencies are estimated by comparison with the corre

sponding values for HgI')(g} C.~) and with the lead dihalide series (!±). The electronic ground state is assumed to be lAl based on 

analogy with PbC1
2

(g) 
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1. K. Niwa, M. Sato, i".nd M. 'i'osiyama, J. Chern. Soc_ Japan~. 91:8 (193"9)' • 
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PbI
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(c), 12-31-73; PbI
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(t), 12-31-73; HgI
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(g), 3-31-52j PbF 2(g), 12-31-73; PbCl 2 (g), 5-30-73j !.J.. JANAF Thermochemical Table,;;: 

PbBr
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UIIOCIlJE (SrI:!) 

" 3,;'02 !: 0.", 

!: 101\ 

!!",.:.t of rorna;:';.():1 

"nJ 

Srl
2

Ce) in 0.1 ~l iiI. ,\I'l,H).xiii .. u"y 

(CR'{::'j',\:") 

aq. th~ 

:>rT 

:':~f;9S(Sl'+7. dr"[, 0;' '..I. ~;Ll'(o) KC:!lJI:K)i) s\.d.-~cto:d by 

:;td. 3t<J.t",) (1) :si'~cs ,!lIf~",,(~;rJ, Ll'J., ~,td. st"td "'~ },c,lL/r.ul. 

-:Z3.jl~ kcaillool c) _13 11 ,2;;- Kc",li:wJl. This :lE:at or s(J}ution 

et ill (.!:.). 

J,.~J {Cd dfVJ 

ar..J Vr'ub1ev:;,-.;,::.yd. 

f',l""!['. O<Jt' 

Gr',,) " 

(). J kC'dl/mol 

1)('. S Kc.ul/! 01 

ell 

!,)f' 

wi th Lhc <)J ~,Ol'Jli 

b.1se,j 501e~" 'dork 

.J.do~"~ .11-;~8.n(SrI2' c) :; 

smooLh",J Villutos h..:lvC !)6cn ~lIlbli.]h(~d 

ext,'3r)oldtior, lec1d:; to 

gibbS/lllo1 ar.J ~).fi'Jl ~al/IT'Ol. :":"i(';-" '.·/hen cOl1lbim,d Oel:' Cp l':{1:r,lpoLHlon frQir, Jlj y, "to 5 K <.lI,'J · .... ith 

;:; 0.1118 

PclUKOV. 

et al. (1; C:,1(:,J., S;9~ 1S :: 3S.83 eibbs/mol Pdukov, te1: dl. (1) t~"V<2 !. 0.05 r;ibbsi!!;O) 

Clt,d 4;;15 ~ 7 cal/Plol for 

"the 

(2) 

ly ::;r 

a li ~ 10 

h'02~t of Sublitr.a;icr, 

is derive:) dog th,", difF.,;.::'cncc bct~/c<::n heaLS of lornt;,.-::ion or id(,d! 

~ 
P_ Ehrlich. r:. PeL", dnd 2. K:Jch, 7. ,\n::;rr;. Alle;em. Chem. '::1...::.,1::..:3 (1953). 

U.S. t~at.l. l)ur. S-::d. eirc. sec, 19S2. 

J. Ta.sk Grcu9, J. Chern. Thel'moJyn<Hnic:3 .;: . ..131 (1972). 

\. Park.er', Stc. lOO·I~, lG!.. (l'3G!:!l. 

S. U.S. 1\0.1:1. Bur. Std. 1'] 71. 

6, V. B. :t'dr):8r, private lia.tl. Bur. Std., J;;:ty 

r' d::J1:<.l S;98' Sill 

= le.!..5 It rio t: Cpb '" 27.0 ,n. 

the s:nG0thcd 

:'-'.. Th·' 

ill wi tn D .... JOrh in 

in )',o:y! 

(1.2) 

11_:0 _~ 0.09 kc.dimol <11" Tin:: 

$1.6.t", OIL 298. Li ;\. 

[, 1'0...1-(0'1, r, ::>. R"d';:i"\rr'.enKulo'l, and S. \:ru~leYS"'dya. ~ J. Phyc;. Chern .. :.'_1> J176 03·/3). 

E. A. S. L'.-.'Ql'ki!! and ~!. A. 8:"ediS, J. Phys. :l'Jem. i2, c':J7 (In,~) . 

J. l!. 1::'nQ;1:; .-;ncJ a, Lo~lielhol:; · .... i~.o L. Hochsch. Cher.;. :"'eUJh1 >lel'seblJq:: I, ~61 (1':16 11). 
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Strontium Diiodide (SrI
2

) [ZSr 

(Liquid) GFW 34 I .4290 

gibbs/mol---_ teal/mol 
T. OK Cpo S" -(Gg-Ir",s)rr H"-fI"HII &Hf 'Cf" Log Kp 

0 
100 
200 
296 113.630 41.214 41 e 214 .000 - 131.154 - 131.439 96.347 

300 lB.650 41.329 41.214 .034 - 131.155 - 131 ..... 41 95.754 
400 l'lv 300 46.783 41 §'J54 1.932 - 135.089 - 131.388 11.787 
500 2.6.300 51.161 43.371 3.895 - 145.348 129.494 56.602 

600 26.300 55~95b 45.0B1 6.525 - 144.357 - 126.418 40.048 
700 26.3:)0 60.010 46.932 9.155 - 143.417 - 12.3.503 38.559 
~9Q ____ _ 2_6_"_3_0_Q. ____ Ii };!21L _ ___ ~8_·J_~L ____ 11.! 1'£11' ____ -__ t't2_ ~ ~~~ ___ : _ .l.?9 _oLt9 ______ ~~:!..212 
900 26.300 66.620 50.603 14.415 - 141.881 - 118.026 28.661 

1000 26.3:)0 69.391 52.346 17.04') - 141.062 - 115.419 25.225 

1100 26.3IJO 71.897 54.011 19.675 - 1'.2.163 - 112~784 22~408 
1200 26.300 74.1Gb 55 ~ 598 22.305 - 141.282 - 110.152 20.061 
1300 26.)00 76.291 51 ~ 110 2"'.935 - 140.401 - 107.593 18.0ae 
1400 26.3QO fa.ZltO 56c':)51 21. ';:ob'J - 139.523 - 105.103 16.407 
1500 26.)0') 80.054 'i9c924 30.195 - 1313 .61t6 - 102.&76 l4.960 

1600 26 e 300 ale752 61.2.36 32.625 - 131.770 - 100.305 L 3.~ 101 
1700 26.300 63.346 62.490 35.455 - 169.470 97.085 12.481 
1600 20.300 84.$4'" 63~691 38.08'5 - 166.255 - 92.862 11.275 
1900 21,.300 86.271 M ~31';2 40.715 - 1&1.044 - 88.707 10.204 
2000 26.300 87.620 65.94ij 43.345 - 165.836 - 84.611 9 .. 247 

~ ~ QQ _____ 2_6_._3_0_~ ____ § §.!.:!Q1-_____ 6L·...:J) .. L ___ .. ~2.! '} J2 ___ : __ l6_':._ ~~ ~_ .. _: _ _ 11.9..!' ?}_5 _______ ~=- ~ ~! 

noo 26.100 90 .. 171 68.034 48.605 - 16L'.H - 16.612 7.611 
2300 2:6.300 9l~2q6 6Q .. 020 51.235 162.242 - 72e691 6~9al 

2400 26.300 92~415 6q~'H2 53.865 - ltd.05S - 68.822 6~267 

2500 26.3DO 93.489 10~39! 56~495 - !5948S5 - 6>5.004 5.683 

2600 26.300 94.521 1l.7!:\O 59.L25 - 158.723 - bL.231 5.147 

June 1974 

STRONTIUM DIIODIDE (SrI
2

) 

S298.15 ::: 41.214 gibbs/mol 

Tm = 811 :!: 10 K 

Tb = 2181 K 

(LIQUID) GfW = 341.4190 lZSr 
IH'ff29S .15 ::: -131.154 kcal/rnol 

t;Hm· 4.70:1 0.09 kcal/mol 

t;Hv· = 45.35 kcallmol 

t) = -131.1514 kcalftool is obtained fl"'Om the sum of th~ h~at of formation of the crystal. the heat of 

enthalpy difference of the crystal and the liquid between the melting point and 298.15 K. 

The liquid heat capacity near the melting point, 26.3 gibbs/mol; was determin~d by Dworkin and 3redig Q) from drop 

calorimeter measurements. This value is adopted and assumed cons'tant over a bOD-260D K range. A glass transition is asSUJ!ked 

at 500 K below whic.'l the heat capacity is that of the crystal. 

S29SCSrI2' .0 = 41.214 gibbs/mol is calculated from the crystal. entropy in a manner similar to the heat of formation 

calculation. 

Vaporization Data 

The temperature at which lIGr· = 0 for the reaction 

(l) have extrapolated Knudsen effusion cell measurements in 

= SrI
2

(g) is 21B1 K, the adopted Tb. Peterson and Hutchison 

1061-1308 K range to obtain a normal boiling point of 201<6 K, 

L!Hv· = ll5,35 kcal/mol is the calct:.lated difference between the heats of formation of the ideal gas and the liquid at Tb. 

See SrI 2 (g) table for details. 
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Strontium Diiodide (SrIZl 1
2

Sr 

( I dea I Gas) GFW ~ 34 I .4290 

----gihbs/mol---~ kcal/mo! 
T, OK Cpo S" -(G"-H"'lIOS)(f HO-H~n8 ~Hr AGr tog Kp 

0 .000 .000 I~FI "II TE 3.954 - 6"'~980 - 04.980 IN.F (NIH 
100 13.400 ()5~621 93.963 2a834 - ~4_ 909 bq~413 15L702 
'00 14.420 fS~314 82.464 l~ 430 - 65~273 73.797 80.641 
298 14.674 81 ~ 126 81.128 .000 65 ~ 100 - 77 .885 57.091 

'co 14~617 81 ~219 614128 .021 - b5~ 109 77~961 ~6~ 19'~ 
400 14.174 6::'.456 61. ro~ 1.500 - 10.061 - 81 ~835 44.712 
'00 14.820 88.758 82.198 2.980 - 80.609 B3.153 3b~609 

600 14.8' .. 5 91w463 64.023 4elo64 - 806964 - ti4.329 
700 14.861 93.1:'3 85.2'54 5.949 8.1. ~ 169 - 84.81S 
800 14.871 95.738 86 ... 43 1.436 81 ~431 - 85~ 38 7 23~ 327 
"00 14.816 97.489 87 ~575 8.'il23 - 81 0 925 - 85.841 20.847 

1000 14.883 99.057 88.646 10.411 - 82.242 - 86.266 18.853 

1100 14.S86 100.476 89.658 ll~ 899 - 84~465 - 80.542 
1200 14.689 101.711 90.614 13.383 - 84 ~ 145 86.718 
1300 14.891 102.963 91 ~ 519 14.877 - 85~OO5 - 86.871 14~604 

1400 14.893 104.067 92 .376 16.366 - 85~2b8 - 87.005 13.582 
1500 14.8':14 105.094 93.190 11.856 - 85.531 - 8I.IZ1 12 ~ 694 

1600 14.895 106.056 93.9b'5 19.345 85.796 - 87.717 
1100 14.896 106.959 94.703 20~ 83 '5 - 118.636 86.393 
1800 14.B,)? 101.810 95.408 22.32'5 - li8~561 - 64.496 
1900 14.891;1 108.616 96.J82 23.814 - llJ.491 82.607 
2000 l'hB9B ] 09.380 96.128 25.304 118.423 - aO.723 

,?)_O_O _____ ~4..d!~2 ___ JJ9_._t03 _____ n~~~.§ ___ __ U~..,.)5_~ __ :._Hi!.!).?.9 ___ : ___ ·U!~i2.'::I'l _____ #:,?_0_5 
2200 l4.a99 110.600 97.943 213.284- - I1S.301 - 16.959 7.M5 
2300 14.900 111.462 98.517 2<j1~ 774 - lld~249 - 75.080 7 ~ L 34 
2400 14.900 112.096 99.J7C 31.264 - 118.20~ - 13.203 b~606 
2500 14.900 112.704 <,19.603 32.754 - 1l8~172 71.330 6.236 

2000 14.901 1138289 100.118 34.244 - 11B.150 - b9.456 5.838 
2700 14.901 113~851 100.616 3S.734 U8.144 - bl.~84 S.4 Tl 
Z600 l't.901 114.393 tOl.099 31.224 - HS .154 - 65.709 5. LZ9 
29QO 14.901 I1 f •• 916 101.566 36.714 - 118.184 - 63.837 4.Bll 
3000 14.901 115.421 102.020 40.204 - 1l!L23.t> - 61.963 4.514 

3100 148902 llS.SIlO 102.460 4 t.69 .. 118.312 - 60.085 4.236 
3200 14.902 116.383 102.8S8 "'3.185 - 118.415 - 58.206 3.915 
3300 14.902 116.1342 103.304 4't.b1S 118.5'19 - 56.321 3.730 
3400 14.902 117.286 103.108 46.16,> 1 U!. 716 - 54.434 3.499 
3500 14.902 111.718 104.103 47.655 118.917 - 52.539 382B1 

3600 14.902 1IB.138 lO<i~487 49.145 - 119~ 156 - SO.bltl 3~ 014 
3700 14.902 118.546 104.861 50.63b - 1l9.432 - 48.735 2.879 
3aOO 14.902 IlS.944 L05~227 52.126 - 119.150 - 46~818 2 6 693 
3900 148<102 119.331 lO5.583 ~3.616 - 120.111 44.894 2.516 
4000 14.902 il9~ T08 10S~'H2 55.106 120.515 - 42.964 2.347 

4100 1".'102 .20.076 i06~272 56.591 - 120.961 41 ~ 015 2.186 
4200 14.":103 120.435 L06.b05 58.087 - 121.453 - 39 ~ 0 59 2.032 
4300 l't.903 120.186 106.931 59.517 - 121~939 - 37 ~ 095 1.885 
.. 400 14.903 121.129 10' .2~0 6t .061 122.569 - 35.l14 1.744 
45JO 14.903 121.'164 10' ~ 562 6Z.,)5e. - 123.191 33.117 1.608 

4bOO 14.903 121.791 101.868 64.048 - 123.856 - 31.10-r l.478 

!-
4700 14.903 122.112 106.167 65.538 - 124.561 - 29.086 1.353 
4800 14.903 122.425 108.461 61.026 - 125.306 - 27.046 1.231 

." 4900 14.903 122.733 1 08~ 149 b8.519 - 126.087 - 24.990 1 ~ 115 
::r 5000 14.903 ~23.034 lO9~O32 70~ 009 126.904 - 22.918 1.002 
-< 
!" 5100 14.903 123.329 109.309 1\.4'19 - 127.754 - 20.832 .893 

n 5200 14.903 123.618 109.582 72.990 128. 63~ - IS.na .767 

:r 5300 14.903 123.902 109.849 7".480 - 129.5'.4 - Ib.603 • 6!:1~ 

'" 
5400 1 .... 903 124~ltH ltO.liZ 7S.nO 130.480 - l't.4t>1 .5!:15 

~ 
5500 14.903 lZ4.454 110.370 77 .460 - 131.440 - 12.307 .489 

::a 5600 14.903 124.723 110.624 78.951 132 .420 - 100135 ~ 396 

~ 
5700 14.903 12'0 .. 986 110.874 60.lt41 133.420 7.941 .3Q4 
S80U 14.903 i25.246 111.119 81.931 - 134.436 5.730 .216 
5900 14.903 125~500 111.36l B ~~ 42 2 - 135.46~ 3.':103 .130 

C 6000 14.903 125.151 111.599 34.912 - ]36.508 1.256 .046 a 
.a 
< June 30, 1974 
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STRONTIUM DTTODIDE (SrI
2

) (IDEP.L GAS) 

Point G:::,oup :: 

GFW 341.4290 f ~Sr 
c:. 

S298.15:: (81.13:!: 2.0) gibbs/rr.Ol 

Grou. ... 1d S"tate Quantum Weight:: (11 
::: -65.7 ~ 1.5 kcalJrnol 

Heat of Formation 

Vibrational F:requenc:ief; cin.d Degen.t:!I'.acies 

Bond Dist:ance: Sr-1::: 3.03 ~ 0.03 A 

Rotational Constant: Bo::: 0.00723 cm- 1 

(.), cm-1 

[Ill) (1) 

[31l (2) 

(219) (1) 

Bond Angle: I-Sr--I [180] 

Petcr"jon and Hutchison (]::. 1) u.sed d weight loss Knudsen effusion teChnique to observe vapor pressures of the liquid a.t 

20 temperatures rili1ging from 1061 'to 1308 K. Our second and thir'd Idw analyses of these data give 6Hv
298 

(2nd law) :: 65.72 

~ 1.49 kcallmol and t.Hv 298 (3rd law) ::: 65.48 :t 0.68 kcal/mol with a drift of -0.2 ! 1.2 gibbs/m:)l. We adopt 6HV
298 

::: 65.5 

0.7 kcal/mol and combine this with the adopted hedt of formation of the liquid to obtain .1Hf
29B

CSrI
2

, g) ::: -65.7 1: 1.5 

kcal/mol. 

Hedt Capacity and ;ntropy 

The bond distance, as determined from an electron diffr;;l.ction study, is ta.<en from Akishin et al. (1) >1ho also judged 

that the bond ,mgle was 180· :!: 10°. We have assumed a linear structure. 

An analysis of the trend of the ratio of the st:T.'e'tching force conStdnts, k(monohal~de)/k:l (dihalide), has indicated 'that 

k(Sr'I)/k l (SrI 2 ) ::: 1 is a reasonable approximation (~). The bending force: constant is taken as 0.01 times the stretc.hing 

force constant. These approximations have been used by Br'ew{!f' et a). <.§). Our vibrational frequencies calculated from the 

force constants, using k for SrI calculated f!"'Om the gl'ound state vibrational frequency given by Rosen (§), are in exact: 

agreement with those calculated by Brewer et a1. '2.), which are adopted. Other estirnates of \\, \l2' and '-"3 are Ill, 1.1-9, dnd 

220 CJ). 

We assign an uncertainty of !2 gibbs/mol to the en'tropy 'to allow foT' error' in bond angle and vibrational fl'equency 

es'timates. 
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Lead Tetraiodide (Pb 14) 

( I dea I Gas) GFW ~ 714.8180 

-----gibbsjmol----_ ~----kcal!mo( -

T,CK Cp" S' 

0 .000 .000 
100 22.156 84.700 
200 24~922 101.351 
298 25~409 In.411 

300 25.414 111.568 
400 25.595 118.906 
500 25.630 124.629 

600 25 .. 726 l29.316 
700 25.754 133.2810 
800 25.773 136.724 
900 25~ 795 139.7601 

1000 25.794 142.478 

11 00 25.801 144.937 
1200 25. B06 11t7.182 
1300 25~lno 149.248 
1400 25.513 151.160 
lsao 25.616 152.941 

LbDO 25. a18 154.606 
1100 25.820 156.173 
1800 25 .. 821 157.b49 
1900 25.822 159.0 .. 5 
2000 25.823 100.369 

2100 25. B24 Itd.629 
2200 25.825 162.831 
2300 25.S2b 163~979 
2400 25.82b 165.078 
2500 25.827 166.132 

Z600 2S.827 167. 14~ 
2700 25.828 16a .120 
2800 25.628 169.059 
2'ilOO 25.829 169.966 
3000 25.829 170 .. 841 

3100 25.829 171.688 
3200 25.829 172.508 
HOO 25.830 173.303 
3400 25.830 174.074 
3500 25.830 174.823 

3000 25.830 175.550 
3100 2S~ 1330 176.258 
3800 25. a3e 176.947 
3900 25 ~ 831 171.bI8 
4000 25~ s31 178.212 

4100 25.831 178.910 
4Z00 25.831 179.532 
4300 25~ 831 180.140 
4400 25.831 180.734 
4500 25. H31 181.314 

4600 25.831 161 ~8a2 
4700 25~ 831 U12.438 
4BOO 25.831 18.2.98';-
4900 25.632 18l.SIlo 
5000 25.!332 11!4.036 

5100 2:5.632 184.548 
5200 15.832 18'5-.049 
5300 25.832 185.541 
5400 25.832 1S6~024 

5500 25~ 8 32 166.498 

5600 25.812 1868964 
5100 Z~. 832 187.421 
5800 25.832 181.1:170 
5'100 25.832 188.312 
6000 25.832 18"1.746 

-(CQ-Ii"ZSIl){I" W-If'Z9A 

INF 'NIH - 6.603 
133.589 - 4.8a9 
113.124 - 2.474 
111 .. 411 .000 

L U.412 .047 
112 .. 411 2.599 
114.304 5.163 

1160.427 7.733 
l1S~559 10.308 
120.619 12.884 
122.581 15.462 
124.437 18.041 

126.190 20.621 
127.848 23.201 
129.415 25.162 
130.901 28.36? 
132.312 30.945 

133.654 33.526 
lJ"h933 36.10E 
136.154 38.69C 
137.323 41.272 
138.442 43.855 

13'1.516 46.437 
140.549 49.020 
141.543 51.602 
142.501 54.l85 
143 .. 425 56.767 

l44.318 59.350 
145.182 61.933 
146.018 64.516 
146.828 67.09';; 
147.6l4 69.681 

14B.3/7 J2.26t, 
149.118 74~841 

14CJ.839 77.430 
l50~ 541 80.013 
151.22"- 82 ~596 

151.890 85.179 
152 .. 539 87.162 
153.172 90.345 
t53 .. 190 92~92e 
154.394 95 9 '511 

154.984 98.09-4 
1 ~56So1 100.671 
156.126 103.261 
156.679 105. 84~ 
157.220 108.427 

157. 750 111.01 C 
158.Z69 113.593 
158.778 1.l6.176 
159.278 11 El. 75<; 
1 S9. 768 121.343 

160.248 113.92E: 
160.721 126."09 
161.184 l29~092 
161.b40 131.675 
162.087 1)4.258 

162.527 13 6 ~8 4 2 
162.960 1J9.425 
163~ 38b 141.0ce 
163 .80~ 144.'591 
164.217 141.11 .. 

dHf" 

- 520300 
- 52.4b7 

53.011 
53.64q 

- 53.662 
- 62.10b 

83.261 

- 83.175 
- 84.268 
- 840215 
- 840159 

840096 

- 84.02"1 
- 83.958 
- 83.8S1 
- 83.809 
- 8).737 

- 83.671 
83.610 
63.5'56 

- 83.510 
- 83.410 

- 125.886 
125.171 
1250678 

- 125.601 
- 125. %4 

- 125.543 
- 125.546 
- 125.573 
- 125~ 620 

125.690 

- 125.777 
- 12').882 
- 126.003 

126.138 
126.285 

126.444 
- 126.612 

126.786 
- 12(; •• 969 
- 127.156 

127.347 
- 127.542 
- 121.738 

127.937 
- 128.136 

- 128.335 
- 128.532 
- 126.130 

128.926 
12'1.121 

- 129.313 
- 129 ~506 
- 129.695 
- 12'L.684 

130.071 

- 130.256 
130.441 
130.624 

- 130.806 
- 130~988 

June JO, 13S2; Dec, 31, 1973. 

oGf" 

52.300 
- 57 ~ 140 
- 1'.:>1 .. 609 
- b'S. b9B 

- 65.772 
- 69.428 
- 69.250 

- 66 .. 457 
- 63.485 
- Me 518 
- 57.561 
- 54.608 

- 51.663 
- 48.723 
- 45.789 
- 42.862 
- 3g e 941 

- 37.021 
- 34.107 
- 31.199 
- 28.292 
- 25.]89 

20.931 
- ! 5. 938 
- 10.946 

5.957 
.976 

4.00l' -
8.990 

13.975 -
18.960 -
23.944 -

28.935 -
33 .. 926 
38.925 -
43 .. 923 -
48.979 -

53.936 -
58.946 -
63.967 
68.991 -
74.009 -

79.048 -
84.0B7 -
89.11q -
94.1 66 
99.220 

104.277 -
109.327 -
1I4.397 -
119.464 -
124.533 -

129.606 -
134.684 -
139.772 
144.663 -
149.945 -

Ilb 

Log Kp 

I "'FINI TE 
124.880 
61.323 
48 .. 158 

47.91 '5 
37.9'34 
30 .. 269 

24.207 
19.821 
16.533 
13.978 
1 t .935 

10.265 
8.674. 
7.698 
6.691 
'5-.819 

5.00;;7 
4.385 
3.788 
3.2'54 
2.714 

2.178 
1 .. 583 
1.040 

.542 

.OB5 

.337 
.128 

1.091 
1.429 
1.744 

2.040 
20317 
2.578 
l.623 
3.055 

3~274 
3.482 
3.619 
3.866 
.... 044 

4.214 
4.376 
4.530 
4.677 
4.819 

4.954 
5.084 
')~209 

5. 32~ 
5.443 

5 .. 554 
5.661 
5~7M 
5. B63 
5.956 

155.033 - 6.0'50 
160.129 -' 6.l4Q 
1&5.234 - 6.226 
170.333 - 6.3to 
175.440 - 6.390 

LEAD TETRAIODIDE (PhI!).) (IDEAL GAS) sr"" 71'.8180 14.Pb 
Ground Sta~e Quantum weight (1] 

Point Group:: (To) 6Hfo :: [-52, 3 ~ 20 J kcal!mol 

S2ge.l5 ::; [1l1.1j1 3.0J gibbs/;nol uHf2n ,lS :: [-53.61: 20) kcal/m.ol 

Bond Distance: Pb-I:: C2.77J A 

Vib!'3'tipna1 rrequencies and Degeneracies 

(:)1' em I 

[1371 (1) 

(371 (2) 

r L6B) (3) 

[llS) (3) 

Bond Angle: I-Pb-·I:: (109"· 28' J 

Product of Mon:.e1:'.ts of Inertia: TAIeIc:: (S .001.,(4 x 10-110 ) g3 cm6 

H.eat of Formatio!1 

12 

The adopted ilHfO ::: -52.3 :!:: 20 kcallmol is derived from the dissociation ,"!nergy for' the process PbI 4 (g) ::: PbCg) + 4 Ieg), 

DO ::: 8.75 eV :'5 estimated from an intercomparison of the I.~dd ll'lono-, di-, and tetra- nalides (]). This a.dopted DO value for 

?bIlj(g) is gt'ea'ter than the DO value for ?bI
2

(g) by a factor of 2.0'-", The auxiliary va1ues llHfoCPb J g) :: 1~6.9l· )ceal/mol (1) 

and C!HfO(I, g) = 25,633 kcal/J!CIl (]) are used. AHf 29a(PbI 4 • g) :: -53.6 !: 20 kcallm.ol is calculatE~d from 6Hf;. 

Hedt Capacity and Entropy 

The moleculdt' constants and vibrational frequencies are 'those calculated' by r'\leksandrovskaya et aL (1). Lat"er works 

<..g, .!.!., 2) mistakenly cit~ this work: as observed data. 

The individual rroments of inertil'l. arc !A=IB=TC 4.3097 x 10-
37 

gem? 
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Va~ariium Suonitririp (V\O Jrc) 
. DJ 

(Cr-ysta I) C~:i 57.1i545 

T. "K 

o 
100 
200 

'"' 
JOO 
400 
'00 

600 
700 
800 
'100 

10:)0 

1100 
12JO 
DOD 
tioOO 
1 '>00 

70J 
1300 
000 
000 

3000 

1100 
3200 
3JOO 
HOO 
3500 

~~~~gibb~{mol---~ 

Cp~ S·' _(;C -H":r.;l,,)/T 

.000 
2.'?<:.5 
'>. )61 
t-.902 

6.924 
1.810 
8. ':\69 

fl. 799 
9.1b8 
9. ,04 
q~ sa 

to.tlE' 

11.8b5 
12.147 
12.4lB 
1':.6')0 
12. '100 

13. 1 ~O 
l ~. "17 0 
1).600 
13.840 
jl •• 040 

.QOO !NFINlfE 
1.191') 11.3'14 
:!..926 6.97-1 
-"'. Hi4 6. Hl4 

&.',?7 6.384 
S. '.it,q 6.&68 

10.3C55 7.229 

It. 919 7.883 
13.304 .A.56l 
14.'5'5;) 9.233 
t 5. (,8A 9. Bal:! 
16.71-; 10.521 

17.716 
10.638 
19.508 

21 ~ 8 110 
72.607 
23.310 
23.988 
2 t,.643 

2:'.278 
25.8'1 .. 
26."'1 .. 
27.078 
2r.64' 

11 ~ I J 1 
11.719 
12.265 
11.831 
13.3':>7 

15.152 

16.190 
16.61l' 
11.034 
17 ... 40 
17.S37 

1 .... 2'50 28.20] 18.225 
\4. 4~O 28.74<. 1 A. 605 

_J!._.JJLQ ___ .'9~17~ _ ____ IJ"-,-?!~. 
1'" .920 29.794 lG.341 
1'), \30 3J.3uJ It). &';8 

IS.BO 
15.5"0 
15.750 
15.960 
16.170 

10.8C13 
Jl.l'n 
31.774 
32.247 
32.711 

20.Q48 
20. )"ll 

.. HH 

H~-I-1"21I>f. 

kl-al/mol

&Hr 

31.11 4 
31.308 
31.498 

.000 .31.600 

.01) 31.601 
• r5) - 31.6)6 

1.'.:>6) 31.626 

2.422 
"1.320 
"".,254 31.43, 
',.220 H.336 
6.ZU 31.230 

7.?46 31.113 
8. 30 ~ 30. Q91 
"1.190 - 30.86<-

10. ':10') 30.1.34 
11.64'1 30.603 

30.470 
)0.33 , 
30.203 
10.071 
29.95<1 

21.na 3').[2<0 
?4.523 35.03? 

31.817 - 34.290 

n.3t,C - 34.0f7 
)4 • .683 

n.on 

Dec. 31. 

~Gf' 

31,l14 
30.361:l 
29.349 

- 28.269 

'\, 46' II U. J 

(,(II: Kp 

Ir-lF IN IT!: 
be ~ l6R 
12.071 
70.722 

20. '519 

9.0bO 
7.419 
6.190 

.5":>r S.ZH 
- 20.467 4.47'3 

19.41'1 3.S'iB 
18. ,tl 3. Hi. 

- 1 T .113 
2.0, .. \ 
l.".u 

14.229 1.944 
- 13.218 

12.214 .483 
11.21f1 .no 
10.223 l.ll~ 

5.79\ 
4.'i70 

3.1~<O .2 R2 
2.,41 .In 

.934 
-:Zf>Y-
1.462 

2.6';0 -
3. ~31 -
".005 
6.171 
7~ln 

.187 

.2b2 

.331 

.39 r 

... 58 

'!A·IA-..J~T1 ';"JB'·J;T;\l:rL 

G. II i b:J~ !'~:J 1 

i,j 

~~~ 
T'fjnkrd:::' ":Tl>.~l,;,,:--ecl hed', 0'-

Tli trQ~en--ric~ b::ou<),!,u'y ,:>r ~r,C' 

jllf ~ 

:> 7 . 'S:" ~ 

'1.1 ·1.S 

" 

,465 V 

\ 
"l)i 

-3LG • 1.5 kCdlimol 

tllat .;ei(',itt Dcr-:ent ','') .,nd 2nd :1::> ('I" inplJritie::;, of the 

CQrrDlJsti'Jn pT'c")ducts fell hetl-lC'(,Tl Clnd J'\~i.J,:- hedt 0'- [orm,Ulon d,lt~ (1) for th~o;c 

co'-nb,l-;tion vdlues ::0 c,::;r'':"e:;C)0;-,J to the fOr"I""klti0n of the --,e:=toxide 

) cal/g Si.lb;litl"'Ld~ g,-eil"'::er thdn th::o::e used by !'.°,nkr..lt"7 et al. (1), 

oxide'""> are usee:! to correct their 

foY' ccw'rer:tic-m roughlv 

oJ-sed. 0;' .JA:'lA: heat 

ci.lt,-: (2) ,1n(~ a;~ount to 9 dnd n.·'·, ccl.l/ij ~rij,," r"es-ectivelv. th€ --'Y',)C>2:3'> \,r:),IIGS(c) .. 1.75 0~(g) -= 0.5 

<lnd nitr:>r;cn. ;'[nen th~:::; val..le i;:; 

(2.), that :1uhni.tride 5 kcallmol . 
a:iapt th~, uncet'tJ.inty (*l.~ kc;:tl/mol) 

to curt\o';"')ond ,t.1L,""). Thoo: .-,nl'l ot;'.?l' :"0"(" ddta for 

wer~ r~'Tl';)"tcd Br<1llcr dnd Schnc'll (1) for tcm"'er'i',tuY'c.' :'HI:':C' (corl"ecteC [1'TS-5?), ,1"·~."'- :Jnc1"lon" 

:or 'S!> ,1.1'(' '1~.~lyz~ t~,,~C;(! rr'(~s:;ure, by the third la.'" "j'he'3c cdlcul'ltlon,; ledd ['0 \i{:o "Ol~ s\l::'nitrid~ ptl.J.~'2 

oC ? 1.7 kCi'll/mol, T.'":e sc-conc1 1<1: ... ' value thi rd la'''! it 8,·J ! 1.1 cwo l'hEse rf!sults 

sho'" consid"ToJ.ble sca.tter 8l"'d .Jre believed th t~ obtained bv c:o'nbustio:--:. cillol"'im~-trv< 

T,'"le 

and 'js~d tu 

d~viat:i.on at 7r)2 }\. ell" dClt·l ctbove '< '1re o!::t:''l.J.nr:od gr<lphlcal extra'J~ldt:i.of1, :Jo 

ob,;cr'vcd in either the 10· ... · tem'"Jerc1ture r:?Q ,l,=[.,,," t:-l€ hi tl':ffJDet"-'t'Jre 

P:''15e~ 

"j:j-:?'!r.\ann 

found thdt the ,.,hd~.t" h"j an (~xten':;i ... c h'Jrnop-ene' ty rc!l~(,': ',mien 0.xtcnd.'i 1'r,)::1 il.bO J':" ''v 

fJit;-og-2n). Pa.nkr",t, et d1. (J) renorterl the 

",ar':"i",r };- rC\~' w~rk (~, b)" ,he st";ucture 0f van.ldiJm 

th0 "lXist(!;;1c:e r)f 1 ,;t1b:-!" t:"ie:!e c;hase, since 

'1,,'/0 ('!;;'ported the 

(1) ".Inc! Hahn 

to JJ Jt:0r:1ic r")'~rcent 

Th0s'.! rec,ul t:· e!r'e in 

)-:exa~on;jl (~, ?). 
:ur::her on the Viin,H:::LuFl-v-1nad::u,1 r.i.tr-:'d~ 5·j,.t~·rl has 1·:-::.'1 rr:!vi,~;..red bv Storms (~.l. 

No informati.on LS =t·.;ai.l,-,b.le 0:-1 the r.lell~ng 

,n'est:'llted '..rhich indic<ltes tthit v,m'ld~ux mono~itY'~rle 

thiO' process ". V(;) + to tee 

'...:h ich ~'.~r 

R€'f€''N'.nc~s 

f)t")cct~01l1€'tric ~vi_c!encr.: (l2.) ~1C\:3 

anah~g'l wi"th ','!"-i, w(, 

<'1 7535 < 

-[:7. 

Td i <; the 'tem7era"tuJ"'2 

at" Td" 

NO, L 65 V 
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Vanadium lvIononitride (VN) 

sta I ) GF\~ 54.9481 

____ gibbs/mol - kcal/mol----

T, "" Cp~ S" -(GC-H~2ltI'l)rr H~-H~r.J' a.lif' ~Gr' 

o 
100 
200 ,.8 
,00 
400 
500 

600 
700 
'00 
900 

1000 

1100 
1200 
1300 
1400 
1500 

1600 
1100 
t800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

• 000 
3 .. bl2 
1.092 
9. 0713 

9~no 

lO~ 348 
11 .. {)3a 

lie 522 
11 .. 907 
12.2:40 
lZ .. 543 
12 .. 821' 

13 .. 099 
13 .. 3b2 
1:; .. 620 
13.673 
14.123 

14 .. 370 
14.620 
14 .. 830 
15 .. 050 
15.260 

15 .. 500 
15.720 
15 ... 930 
16.140 
16.350 

.000 
1&997 
5e669 
8~906 

8.963 
11.169 
14 0 156 

16.212 
18.018 
19.630 
21 .. 089 
22.426 

.23.bb1 
24 .. 612 
25.692 
26 .. 911 
27 .. 876 

28.1'96 
29.615 
30.516 
31.324 
32 ~ 102 

32 .. 852 
33.579 
34.28.2 
34 .. 9604 
35.628 

INFINITE 
15~ 520 
9~6Bl 
8~ 906 

8.906 
9.281 

10.023 

10.S87 
11 .. 780 
12 .. 662 
13 .. 519 
14.343 

15.1.35 
15.894 
16.622 
17.321 
17 .993 

18.639 
19.2&3 
19.865 
20.447 
21.010 

21.556 
22.086 
22.60t 
,21.102 
23.590 

- 1.488 
- l~ 352 

.602 

.. 000 

.011 
~995 

2 .. 066 

3.1':;15 
4 .. 361 
5.574 
6.914 
8.082 

9.379 
10 .. 702 
12 .. 051 
13.426 
14.825 

16.250 
11.700 
1q.l12 
20.666 
22.183 

23 .. 722 
25 .. 283 
26~ 865 
28.469 
30.0'H 

- 51 ~243 
- 51 s571 

51.808 
- 51 s900 

51.901 
- 51 .. 884 
- 51.800 

- 51.678 
- 51 .. 534 
- 51.375 
- 51,.208 
- 510037 

- SO.M3 
- 50 .. 689 
- 50.511 
- 50.347 
- 50 .. 182 

- 50 .. 020 
- 49 .. 663 
- 49 .. 113 
- 49 .. 515 
- 49.448 

- 49 .. B6 
- 54$110 

54 .. 666 
- 54 .. 602 
- 54~519 

- 51 .. 243 
- 4900.90 
- 41.108 
- 45 .. &71 

45.6032 
- 43.542 
- 41.466 

- 39 .. 409 
- 37.311 

35~365 

- 33.373 
- 31.401 

- 29 c44b 
- 27.50b 

25.582 
- 23.670 
- 21.770 

- 19 .. B82 
- 18.003 
- 16.133 
- 14.270 
- 12 .. 415 

- 10 .. 567 
8.699 
6 .. 608 
4.519 
2.434 

i~~~-- --}~-~~~~----~~~~~{_-- --~~;~~t -- --- {-}:-k~~ ---:--~t:~{_Z- ---:: --- r~~-
Z800 16 .. 980 17e515 24~962 ,5~Oq3 - 54 .. 151 3.796-
2900 11 .. t90 38.115 25.425 36.801 - 53~9S9 5.863-
3000 17 .. 400 38.701 25.856 36.531 - 53 .. 80S 1.Q.24-

3100 
3.200 
3300 
3400 
3500 

17.bOO 
11.800 
18 .. 000 
IB.210 
IS.410 

39.275 
3'1.831 
40.388 
40.'928 
4\ .. 45<:1 

.26 .. 281 
26 .. 696 
21,. 103 
21.501 
27.893 

40.281 
42.051 
43.641 
105.b52 
<47.483 

Dec. 31, 1973 

- 53 e b02 
- 53.381 
- 53.141 
- :'2.81Q 
- ')2 .. 598 

9.'978 -
12 .. 0('5 -
14 .. 066 -
16.0'99 
18.1.23 -

Log Kp 

[NFINITE 
1 Oa~5ge 

520132 
33~41f 

33 .. 243 
23.790 
18.125 

14.355 
11.670 

9.661 
8.104 
6.863 

5.550 
5.010 
4.301 
3.695 
3.l72 

2~ 116 
2.3110 
1 .. 959 
1.641 
1.357 

1 .. 100 
.864 
.628 
~ 412 
.2:13 

.030 
--;-1;40 

aZ96 
.442 
.571 

.103 

.821 

.932 
1.035 
1.132 

NV 

VA'lADItJM MONONITR1DE (VN) 

3298.1S:: 8.n t 0.10 gibbs/mol 

Td :: 2619-K 

Heat of formation 

(CRYSTAL) GFW:: 64,94'81 NV 
oHfO = -51.1 t 1.2 kcallmol 

aHfiS8'.15 '::: -51. 9 '! 1. 2 lecal/mol 
liHd ~ '::: 5 1.:.. I.:. kcal/mol 

bHS 29 8' :: 176.9 -~ 5.8 -kcal/mol 

Mah (1) measured the heat of combustion of Vllonadium l!\ononitride at 303.1S K. The composit:'on of the sample was VN1 • OO which 

cot'Y"esponds to the nitrogen-rich boundary of the mononitride phase (see Phase Data section). Chemical analysis also showed that 

the sample contained 0.07 weight percent of unreacted var.adium. The composition of the COll'..bustion products ranged from V0 2 •2Jl to 

V0
2

•
29

&. X-ray diffrac'tion patterns showed the solid combustion products to be d mixture of V 20 4 and V 20 S ' J,A.NAF heat of 

formation data (1) for these two oxides ar-e used to corTeet Hah's combus'tion values to co:rrcsuond to the formation of the pent

oxide as the final state. Our values for this correction agree with those of Mah (1) to within 0.1 calfg mononitride. for the 

pr'ocess Vl'I(c) '" 1.25 02(g) ::: 0.5 V
2

0
S
{c} of' O.!:. N

2
Cg), we obtain c.Hc· :: -133.41 t 0.!.I3 kcallmol at unit fugacities of oxygen and 

nitrogen, When this value is conilil.ned-w-ith the heat of formation of V
2

0 5 (1). that for vanadium mononit!"ide is uHf29fr (VN, c) 

:: -51.9 '! 1.2 kcal/mol. We adopt this value and include in the overall uncertainty (:!:1.2 kCdl/mol) the error d.ssociated with 

correcting the combustion values for the V 20[1 (c) formed t:o V 205 (c) as the final state. 

Other values for 611f· can. be derived from the, results of dissociation pressure measurements (~) j emf data (.!), and equilibrium 

data. (~) obtained by an effusion-mass spectrometric technique. Result:s of a second and third law analysis of these data at"'e 

5um.'T.arized below. No. of Temo. flH'r"298, kcal/mol 

Investigator' ~ React:ion Points Range. K 2nd Law 

Slade and Higson (J) Static A 2 -68.9 
Voleinik and Shabdenov (~) emf A Equation _54.4 
farber ~nd Srivastava (1.) Mass Spec B 13 173.5 

Reactions: (A) V(c) + 0.5 N
2

(g) VN(c) (B) VN(c) = V(g) + 0,5 

3d. Law 

-I.! 1.. 1!1. 6 
-S5 .51:0.1 
181. 7~1.6 

1112 (g) 

Drift 
-"-'L 
-16.3 
- 2.7 
3. BtO. 8 

-£lHf25e (VN. c)a 
kcal/mol 

41.1 
55. 5~O.1 
58. 5 ~ 3.6 

a Third law values; auxiliary da'ta used 1\Hf
29S

(V, g) '::: 123.2 t 2.0 kca1/mol (1)· 

Results obtained. from the dissociation pressures of Slade and Higson (]) are obviollsly no't reliable. Two other more extensiVE 

sets of dissociation pressure data (§., ]) have been repor>ted for the mononitride ?hasc. Brauer and Schnell (§) measured the 

nitrogen dissociation pressures for 7? between 1573 and 1873 K, while Koz:heurov at ill. (2) determined equilibrium pressures 

for VNx (x::: 0.55-0.9)- at temperatures the range 1573-192'3 K. Unfortunately, t'rlese compositions are significantly different 

from VNl.OO' and thus the data are probably of no use in defining the heat of form.ation of 'the mononitr'ide at its n:'trogen-rich 

phase boundary. The third law values of lIHf o obtained from the emf (!±.) and mass sc€c'tral (2,) data are 3.5 and 5.6 kcal/mol, 

respectively, more negative than our adopted value. However, since the 'thermal functions USE!d in the analysis of the mass spect1'el 

data c,.§) are based on extrapolated data, the second law value (flHf?98 '::: -50.3 kca1/moU is probably more reliable. This value is 

in much be'tter agreement wi.th that obtained by comhust:ion calorimetry. 

Heat Caoaci tv and Entropy 
Shomate and Kelley '(~) measured the low temperature (52.6-296.3 K) heat caDacities for VN. '[he purity of' the mononitrid.e 

sample based on an analysis for vanadium by permanganiite ti tr'iltion was found to be 99' .. 76 weight percent. Their' Cp~ data corrected 

to 19&9 Atomic Weight SCdle are adopted. The value of 5 79B is obtained from the adopted Cp" data and is based on S52 :: 0.1.17 eu. 

This latter value is calculated from the Debye function D(351fT) which was suggested by Shomate and Kelley (]). 

Hi gh temperature enthalpies for VN have been I"'eported by King (§) for the temDer'ature 'range 408-1611 K. The sample was 

identical to that employed by Shcmate and Kelley (§) and lola,,; Contained in platinum-rhodium a.lloy capsules for the "drop" 

experiments. His experimental enthalpies are corrected to refer to the 196-9 -Atomic Weight Scale. Also, his reported tempera

tures are corrected to the IPTS-6B scale. A technique based on orthogonal polynomials is used to fit the corrected enthalpies 

by computer. The curve is constrained to join smoothly with the low temcerature Cp~ data (f) near 298 K. Our smoothed enthalpies 

show an average deviation of ~O.!i% from the experimental values <..~). The maximum deviation is +-2.1% at !.lOS K. No anomalies are, 

observed in either the low temper"ature Cp· data. <.§) or" the high tempcl"'ature enthalpies (.2).. Cpe data above 1513 K are obtained by 

graphical e>:trapolation, Satoh (19.) has measured the mean specific heats of VN over three temperature inte'rvals by means of an 

ice Calorimeter. However, t:he sample used in his study was impure (97.93'% VN'), and we believe the results are probably not 

reliable. They do show considerable scatter from our adopted results; deviations are in the range of ~1-5!t. 

Phase Data 
The mononi tridc phase has been prepared by several workers (1, §.-f.t and 1.1.-1]) at temperatures as high as 1600 K. X-ray data 

(§., 1]) and dissociation pressure measurements (2) have shown that 'the phase has an extensive hor.-.ogcneity range. Although 

Kozheurov ct al. <..:0 weI'e unable to obtain VNl.OO at 1273 K, Brauer and Schnell <.§) and Hahn (.1J) reported that the composition of 

the mononitride phase extends from VN
O

•
72 

to VN
1

.
OO 

(lJ2 to 50 ;,tomic percent nitrogen) at 1273-1f.l73 K. The dissociation pressure 

data of Kozheurov et <11. (2) indica'te th~t the vanadiwn-~ich phase Doundary decreases from VNO • 7 at 15'/3 K to VNO • 55 at 192-3 K, 

The structure of the mononitr'ide is face-centered cubic (.fr • .D). Further information on the vanadiu:n-vanadiunl nitride sysi:em has 

been 1"eviewed by Storms (1::). 

Decomposition Data 
The melting point of VN has been reported to be appr'oximately 2323 K by Rostoker and Yamamoto <,h§). However, Farber and 

Srivastava (2,) in their' mass spectrometric s'tudies observed solid nitr:ide at tempera'tures as high as 2412 K, Liquid vanadium 

lIletal, pl'esuma.bly formed from decomposition of the nitride, was deDosited in the sample. We assU-'l1€ that VN de.composes to its 

elements prior to melting. Td is the temperature a.t which the llGr for the decomposition reaction VN(c) .:0. vet) ... 0,5 N2 (g) 

approaches zero. Mid" is the negative of the heat of forrr..ation of VN(c) at Td. NV 
Sublimatio!, Data 

The value for IJHs" is obtained from the difference in the heats of formation for the crystal and gas. 

References (see VN(g) table). 
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lianad i um I~()n()n i Lr i dp, (VN) 

( I deal Cas) GF',:.r 54 . ~4 81 

--___ knal/mol __ _ ~ ~:"o: ----g~b"mO'";O,,H-::;;;,~ '.10; 

'--K Cp ''''''TE _ 1.'.08 

I, .QOO ,,:g~~ "'~;6 .';~ m.ooo log ~:;;; 52.:;; ;~: 153 .0 ;~~ 7.4lot. 55. 

H"-H'~:Z9~ ~Hr 

l00 
'00 
5J:) 

90J 
1000 

11(1) 

140'1 
1500 

2000 

2500 

(''lOa 
3000 

:,40,) 
3500 

3000 
noc 
)600 

410f) 
4.?00 
4100 
'<400 
4500 

'<"lao 
')000 

'),oC} 

5600 
STaO 
5800 
':;90[J 

6000 

1.4"3 
1. q21 
8 ~ 293 

556 

8. <"156 
9.022 

9. 012 
9. tl 0 
9.141 

9.16'" 
9.18 , 

9.208 
9.229 
9.25t 
9.275 
9.302 

9.BJ 
9.367 
"1.405 
9.44!, 

9.49'5 

9.546 
<I.6JI 
9.660 
9.722 
9. IlHl 

' .. 851 
9.921< 

10.002 
10.018 
10.1'.l6 

10.2V. 
10.31" 
10.394 

10. 

10.6)') 

'" 

11. 019 

II. 
l!.2'1<, 

1 .... 57 
1.417 
l.t.T,) 

I.. ':>30 
1. 5~2 

ll. 

" 

55.1'19 
<;8.009 
59.818 

64.<)14 

65.861 

61:1.921 
","1.::'''1.> 

70.1 S0 
70.709 
71. 237 
71.738 
72.214 

72.669 
73.101, 
13.521 
71.922 
74.304 

74.6"!2 
7'l.O'd 
75.3'<4 
75.73:' 
76.06:' 

76.386 
76.rOl 
77.001 
71.307 
-!1.600 

hl.44'5 
18.116 
7fI.932 

7'1.244 
79.501 
19.75<' 
80.003 
80.248 

80.'.90 
flO. 727 
80.962 
81.1%' 
81.4}0 

1\l.(:,r.4 

81.80) 
8<' .0!33 
82.29B 
82.510 

82. 7l <:I 

82.926 
83.12"1 
8~.·nO 

8"1.528 

<;.,.7'5; 
5h.Ll'>1 
56.629 

51.292 
57.970 
')8.634 

59.275 
"9. ~S /" 

60."11.:) 
.... 1.02.:. 
61.552 
!>2.0"5 
&2.534 

1,2. 'J~2 
1':>3.429 
63.84fl 
'-4.251 
64.637 

65.009 
65.367 

65.712 
66.046 
66.36'< 

66.682 
66.985 
f,1.279 

6'.51>4 
67.IV.2 

68.il3 
68.r76 
66. 

69. ~68 
6,).602 
h<:;.831 

lQ.4<}1 
70.702 
70.9\0 
71.114 
71.314 

72.0f'l2 
72.267 

72.41,8 
72.627 
12.1i04 
72.918 
1'3.149 

.01'< 
• 16 ~ 

1.59'S 

2.418 
1. ,03 
4.11)/, 
~. 075 
".974 

b.rn? 
1.HIS 
fl.701 
9.H6 

10.'1)4 

11.454 
17.37'i 
D.2')" 
14.<'26 
I ~. 15'1, 

16.086 
1-"021 
1l~9CO 
18.<)02 
19.849 

20. 

n.f-'H 
24.666 

2"i.6"''> 
21,.638 
27.;'31, 
28,1:>.\8 
29.650 

30.66<) 
31.697 
3<!.n<! 
)3.U6 
14.827 

35.1\87 
~i'>. 954 
lfl.O)C 
39 0 113 
40.203 

41.302 
42.407 
43. ~2 0 
440 6 ~ 9 
"50165 

46.A98 
4fl.037 
49.t81 
';0.332 
51. 4 87 

;'2.648 
S3.'!!3 
54.983 
56.1S 7 
57.336 

124.996 
124.801, 
124.62e 

124.'.6';; 
124.10) 
U4.i3'5 
123.95) 
121.755 

123.537 
123.297 
121.03) 

120. !l85 
120.413 

113.)28 
112.nl 
112.13-, 

107.00f! 
106.469 

105.937 
1.334 
1 

1.796 
1.92 .. 
2.051;. 
2.194 
2. -, 'l ~ 

2..48(" 
7.64 1 
<,.,Wl 
2.9l'>8 
1.13y 

3."l17 
3.4<)9 
3.b81 
3.88? 
4. OBI 

1,.l87 
4.49F 
4.715 
4.936 
':l.ti-' 

j,<;( 

1 
117.762 

LUI! Kp 

INf-JNJ TE 
- 267.8B 

130.960 
8').g~S 

85. HO 

10'-1.64[1 V1.'H9 
107.1 <;0 
10 ... 751 
l02.346 2lo.B'i) 
q9.9~~ - .?l.B4S 

- \9.389 
- 17.::I4S 

15.619 
90. f,O' 14.144 
:'\3.31 fl - 12.866 

7<::;,',02 -
77.231 "I.43Q 

7:'. 09 ~ 7. a 1 " 
7Z.984 r.250 
r 1.136 h.759 
l'>'l.315 6.31? 

7:.'5 

60.')56 
SF.nO -

57.200 
S~. 5f.Q 

4'>.111 -
47.-r?'J -
49.047 -
50.H8 -
51.711 

59.775 
61.129 -
62.48fl 

6'. 
1G.710 
72.096 -

76.261 -
7T .66'} 
H.v67 

5. gO? 

5. 

4.03, 
3.794 
3.571 
3.362 
3.166 

2.'181 
Z.81"J 
2.821 
2. R2? 
2.82'5 

845 

2."53 
2.8'16 
2.659 
2.1l62 
2.1\65 

2.868 

NV 
{1j~1 ) 

C;:;nfi,?,ur'''ltion [J. J 

[ :is. d ! 2.F)1 gibbs/mol 
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(Nb) ID Niobium Nb 
~ 

NIOBIUM (Nb) (REfERENCE· STATE) GFW = 9Z.906lJ. 

;Q (Reference State) GFvv 92.9064 
~ 

o to 2750 K Crystal 

C 2750 to 5136.06 K Liquid 

" ____ gibbs!mol ___ ~ ---kcal/mot p T,uK Cpo So -(Go-H"ZS8)/T Uo-W2'M "Hr "Gf" Log Kp 
5135.06 'to 5000 K Ideal Monatomic Gas 

< 0 ~Oo:J ~OOO INFINITE - 1.25& eDOQ .000 .000 

~ lOO 4.168 3·001 13 .GoO - 1.06b .000 .000 .000 
200 5_519 6.42'. 9.2 ft6 .564 ~ 000 .000 .000 See crystal, liquid, and monatomic gas for details. 

.1:> 298 5·902 8. 7l~ 8.715 .000 .000 .000 .000 

Z 300 5.906 8.752 8.115 .Oll -000 .000 .000 

? .00 6.069 10.475 8.94 9 .610 .000 .000 .000 

,00 6.190 11 ~842 9.395 1.223 .000 .000 .000 

600 6.291 12 ~ 980 9 .. 901 1.848 .000 .000 .000 

00 
700 6.398 13.9,9 10.412 2.4B3 .000 .000 .000 

" 
,00 6.4'H 14.819 10 .. 910 3.1Z7 .000 .000 ~ 000 

"" 
900 6~ 595 1 'j~ 5QO 1l~H6 3.782 ~OOO .000 .000 

1000 6~6~2 l6~290 1l~S44 4~446 ~OOO .000 .000 

1100 6~ 189 16~'H3 12.218 5·120 .000 .000 ~OOO 

1Z00 6.883 17.527 12 .. 691 5.80't .000 .000 ~ 000 

DOD 6.91/, 1 8~ 082 13.084 6·497 .000 .000 .000 

1400 7.072 16.602 13~'.60 7.199 .000 .000 .000 

1500 7.185 19.094 13.819 7.912 .COO .000 ~OOO 

1600 7.llS 19.562 14.164 8.636 .. 000 .000 .000 

1700 7.462 20·009 14.495 9.375 .000 .. 000 .000 
lS00 7.625 20.440 14.813 10.129 .000 ·000 .. 000 

1900 7.801 20 .. 857 15.120 10.901 .000 .000 .000 
2000 1 .. 990 21.262 LS.''Il7 1l.690 .000 ·000 .000 

2100 8 .. 1<;2 21 .. 057 15.705 12:.499 .000 .000 .000 n 
2200 a~'tlO 22.043 15.;)84 13~ 32'1 .000 ~OOO eO;)O ::E: 
2300 8~65u Z2~422 16~256 14 .1 8 2 ~OOO .0uO eOOO » 
2400 8.919 22.796 lOe521 15.060 .uOO .000 .000 

2500 9~ .!34 23.166 16 .. 179 15.961 eOOO .000 .000 
III 
m 

2600 9.616 23.S3~ 17.J31. 16.908 .000 .000 .000 

.noo 10.10(.> 23.907 17.2 8 0 11.89,<- .. 000 IQQQ :ggg m 
2800 ,;),00-0 26.577 17 .. 50'. 25.236 .000 .000 

-I 

2900 8.000 It •• s5s l1.S80 26.030 ",000 .000 .000 

3000 8.000 27.129 18.18'" 26.836 .000 .000 .000 » r-
3100 8.000 27. ~9Z 18.477 27 .. 636 .000 .000 

3200 8.000 21.646 18.·1':3':1 28·436 .000 .000 

3300 0.000 2 7 .89 2 19. H2 29.236 .OCO ~ GOO 

1400 8.000 cS.ill t9.29b 30.036 .000 .000 

3500 6.000 28.362 1'1.552 30.8)& ~ 000 .000 .. 000 

3600 8.000 28.588 19·800 3l.6)6 ~ 000 .Ouc .000 

370C &.000 2!:1.807 20.0'.0 32.436 • 000 ~OOO .000 
3800 6~VOO 29·:)2J 20.274 33.236 .000 .000 .000 
3'}00 8.000 2'1.228 20.501 34~ 036 .000 -000 .000 

4000 a.QilO 29·431 20.122 34.836 .000 .000 .000 

4tOO 8.000 2';1.628 20.936 :15.636 .000 .000 .000 
4('00 1;1·000 29.821 21.146 36 .436 .000 .000 .000 

4 ~OO 8.000 30.009 21. j50 ) 1.230 .';)00 .000 ~ 000 

4400 5.000 30.193 ll.549 38~036 • 000 .000 ~ 000 

4500 8.000 30.3T3 21.143 3d.836 .000 .000 .000 

4600 8.000 30.549 21. 9 32 B.b3-o .. 000 .000 .000 

"'-'00 8.000 30.721 22 ~ 1 17 1.0.436 .000 .000 .000 

4800 8~OOO 30.889 22.2 98 41.236 .. 000 .OGO .000 

4900 6.1)00 31.054 22.<.75 1.2·036 .000 .000 -.000 

5000 8.000 3l.216 22.6,.,9 42.830 .000 .000 .000 

5100 d~OOO 31.3{4 2~.31a 43.636 ~ 000 .000 • 000 
5200 03.646 63.b f.9 23.3"19 209.405 .000 .000 • 000 
5300 8.700 63.Bl5 24.1 4 0 210.273 .COO .000 .000 
':14;)0 8 .. 75i 63. 9 78 24.877 211. t4:, .000 • 000 • 000 
::'500 8.800 6"'~ 1]9 250·)89 212.023 .000 .000 .000 

8.tllo-6 64.298 26~279 212.905 .OOG .000 • 000 
d.S'l1 64. 4'J~ 26 .. 947 2i3. T92 .000 .. 000 .000 
8.933 64.610 27.595 214~683 .000 .000 

:'900 d·973 64.763 28 • .:::24 21~. 578 .000 

0000 9.012 64~ 9 14 28.1134 216 ..... 78 .000 

DeC'_ 31, 1972; Dec_ :n, 1973 Nb 
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Niobium (No) 

(Crystal 

T, ~K 

c 
100 

300 
1.00 

sao 

5.906 
6.06<;1 
0.l90 

6.297 
6~ 398 

lJOO 6.692 

1100 6. ,89 
6.1:13, 
6.974 
r.072 
7.185 

1600 re}l:' 
1700 1."62 
lUOO 7. &2:' 
1900 '~801 
20GO 1.'190 

8.192 
8./0.1° 

2300 8.650 
2400 3.?1'J 
2500 9.234 

2600 9.&1& 
2700 10. J06 
2800 - -- --(O·.-t~ 76·-
2900 11.315 
3000 12.048 

3100 12.877 
3200 13.809 

Gr-w 

.000 
3.001 
6.424 
8.71'5 

8.152 

12.980 
13. 9 59 
14.819 
15.590 
11.>.2<;10 

16.93) 
17.521 
18.082 
IS.bOZ 
19.09/, 

19. ~(;2 
20.009 
20.4f·O 
20.857 
21.2 6 2 

21.657 
22.043 
22·422 
22.7q6 
;(3.l66 

2 5 .4 74 
25.897 

92.9054 

INI-INI Tf 
13¥61.>O 
9.2'tb 
fl. 715 

0.71:' 

11. .H:lB 
ll· 844 

14.164 

14.495 
t ... 813 
15.120 
1'5.417 

705 

tb.:'21 
i6.719 

18.234 
lil~ 467 

1.223 

1.5~8 

3.782 
4.446 

5.120 
5.S04 
6.497 
7.1Q9 
7.912 

!O.U9 
IO·'tOl 
11.690 

12.499 

15.060 
15.967 

22.443 
21. 777 

~Hr 

.00) 

.000 
.000 
.000 

.000 

.oeo 

.000 

.000 

.000 
~ooo 

.000 

.000 

~ooo 

.000 
~ 000 
.000 
·000 

.000 

.000 

.0oc) 

.000 

.000 

~ 000 
.000 
.000 
~ 000 
.000 

.000 
__ ,9.0,'-- __ 
6.304 
6~ 005 
5.638 

~. 193 
4.659 

Dec. 31, 1972; Dec. 31, 1973 

.:.lGr' Log Kp 

.0:)0 

.000 

.000 
.000 .000 

.000 

.000 

.000 .000 

.000 .. 000 
.. 000 .000 
~ooo .000 

-000 
~ooo 

~OOO 0000 

.000 

.JOO 
• 000 
.coo 

~ooo • 000 

.000 
-000 
.000 .000 

.000 ~ ana 
_ ~ OP.Q ________ "_QQQ 
.116 - .009 
.340 - .026 
.55} - .040 

.1':>2 - .053 
~ 936 - .064 

\b 
NIOBIUM (Nb) 

8.72 ~ 0.1 gibbs/mol 

::: 10 K 

:ie.at of_ sor;mation 

Zero by defillitior.. 

Heat CaR~~L~y and [n1"!""oPY 

(CRY'STAL) 

T!'le hca't capdclt,.. V?.Ju8s for T <: J.O are chosen to be the same 

integrd"! ion of tr-,es€ C!'~ ci.].l-,'1 yiel(l:3 

low temperature <1-10 K) heat cap'lc~ ty annealed and 

GfW::: 92:.906 1! Nb 

o kcal!r.101 

":: 0.7 kCiilfmol 

flHs29ir.1S 175.2::: 4.0 kcal/mol 

those ,1donted by ~-iIJ'!.tl1:rt'!n e1: 21. (1;. A )l:r>apnical 

0.19 ·cal/mol. The work bv DaSilva et al. (1,1) t:te 

wir,,~<; in magn~t".i.c field:=; supports this choice. C1usius 

ct a1. (~(' m9:i'l3UreC ,he' hedt caoilcity (51 i"l's.) in the !'e£ion 11-27~ K. This dat{l is sm.oothed graphjcally and is cons1:r'liinpd to 

join sHloo"th~y with t:ho:! cpg '1'11u(O" for T .::. 10 K. Deviations up to 4~. nccuc b~t\.Jeen the ob5eI'ved and '1dopted C:;>Q val~es for 

T <: 80 K. The deviation::; here par'ailel '"he devldtions cbtained ir. ')1J!' -'J.nn.lysl::; of the he.at cal~dcitv for ':'a C,~). The deviations 

decrease steadily with increasing temperature uo to 2711 l\. 

There dre nLlmerouc; high temperature heat ca:pacity and enthaluy measurements for Nb(c). Tt,e various studies are listed below. 

Reference 

,JaC'ger and Veenstra c,§ .. ) 
ril:!lclhouse. e1: 01. (1) 

Gel'd and Kuse'1ko (_~) 

Lowenthal (.2) 

Kraftn'..'lkher (lQ) 

Ho., ... kins and Orr (.±.l) 
KirilliTl "t 0.1. (g) 

Conway and !lei n (D) 

"lak,H'E:r!l<O rinG Trukhanov (~) 

Ceza:"rliyan ()J.l 
Sl-:.ei :1dl in et d1. (102) 

271-1875 

145LJ-1882 

43:J-IR:,O 

11100-2350 

13nO-2701J 

358-1415 

SCO-26GO 

12'3-2593 

Il00-21"no 

1'300-2700 

1650-2 "'07 

Method 

droD 

drop 

dro~ 

rnodul 

modo;Jl 

dro1? 

drop 

drop 

pu] s~ 

pulse 

drop 

The adoptf'd CpQ values for T > 298 K are cbti"lin.-:-d OJ <1 combin"t1.on of granhicil) and pol'lnOllliLil curVE! fittinc; techniqu~s. A 

polyno~n~.al cur\.'e fit proceduY'r:! is used on the enthiiJ:oy uJ"ta of 1-la'...rkins <:lna Orr (11) with the C"onstf"cLint that it join smoo"thly 

in the f p·,gion wi"th the enthalpy derived frrom the Clusius et .~L (~) heat capacity data. Above K, a heat capdcity 

is adopted throup.;h grilphic31 pr'c)cedu:res. The adopted "Ur\'"" is chosen so as 'to be intermedia1:e bet'"eer, the Co~ values of 

Cezairliy,m (.L:) and the higher CpQ valuo:!s implied from the entr,1l1ny d,tt<l of !<irillin et a1. (~J) and Shelndlin et ill. (1.§.). In 

E;ene!"'d.] therE:! is good agreement bet.ween the v.:Irious se ts of dat.,j.. 

The heat capacity values TI2ClI' Tr;J are the smoothed Va.'.\le~l 3uEge~ited by Ceza"l.rliyan (l§.). Tn comparison with the adopt:ed 

C!'~ value.s, Cezair'liY3n's smoothpd da+a lies low bv 1.9'1' at 1500 K '-'ith the difference steadily decreasing 'to 7.8:::'0 at 2500!(' The 

smoo1:hed results of Cezairliyan (lj) aM used for extraDo1ation to 3200 K. The CD~ values reDor-ted by 1"!akarenko and TI'ukhdnov 

C~) are linear in the. region 1100-21,(")0 K whereas the adopted Cp~ values are nonlinear; the C1)°-T curve being concave upward in thE 

r-egion. The Cpo valUes of Mak:~l.renko and T:!:"'Wchanov (1!:'.) are -;.;ithin -O.lI'S to ""O.Si- of -::he adopted va.lues Ln tho£' region 11100-2100 .< 

but driCt to -3% c!t 1100 K dnG 2400 <. In comparLng enthalpies, Kirillin ('t dl. (.1.V repo.-ted smoot~ed values <Q) which .1.re 15 

Cdl/mol or 0.8') lO'.-1e.r th"n our tabulated values at 600 K and drift to 8LJ9 ·caJ/mol or 4.5~ higr.er i'lt 2700 K. The enthalpy resuH.s 

of Sheindlin et ~l. (l.§..) lie above th(:' J.O\NAF values by 0.3"," in the region ~70r)-2700 K (82 cal/mol at 1700 K and 151 ciillmol at 

2700 K). 

M.elt.1.ng Data 

See ;{b(t) table for details. 

Sublim.ation Data 

lIlls 29 & for Nb(c) NbCg) is simply "Hf29 & for Nb(~:;). See Nb(g) table faT' detdils. 

%f~~!!9~~ 
1. R. Hultgren, R. :.. Orr, and K. K. '!<el.ley, SupplcJ:lent" to Selected Value5 0f' Thermodynumic P1"'o,;e:-'tie.s of 11e:1:a1s and Alloys, 

Nb tdb1e, Jan., 1966. 
2. J. r. DaSilva, ~. ~,l, J. van Duykeren, and 
3. J. F. DaSilVa. E. A. Burgemeister, and Z. 
'-to K. ClusL .. s, P. Franzosini, and U. PieSb8rgen, 
5. JANAF" Thf'rmochemica.l T~bles: 1'a(c) , 12-31-72. 
5. r. M. Jaeger ane 1,-1. A. Veenstra, Rec. Tr·av. Chem. 
7. I. B. f'i eldhollse, J. C. 1-10c1g~. dna J. 
8. P. V. Gel'd and r. ~. !(usenko, T=v, 
9, G. C. Lowenthal, Aust. J. Phys. li. 

10. Va, A. KT'2.ftmakher. Solid State (USSR) 
ll. D. T. Hawkins and R. L. Orr, J. Chem. 
}2. V. A. Kirillin, A. [, Sheindlin, 'I. Y<l;. ZhuJ<ova, High Terr,:pera.tur~ 1, 357 (19&5); High. TempeI'dtu~ 

13. 

14. 
15. 
16. 

801 (1965). 
"Advances in Therrnophysical Pronerties at £,nreme Te-moeraturt:s and PreSSl.ll:'es," S. 

and 1. P. Filippov, High TCl1'.ne:ratu!'B !I, 667 (197')). 
Std. 75A, 555 (J,.971). 

and v. Y:J:" ChekhovsKOi, Hig.h 1'e;np.-High ?ress. :i. till (197-1), 
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Niobium (No) 

(L i qu i d) GF',~ 92.9064 

-wbbs!mj,)I---~ ktal/mol-~ 

T, OK Cpo So -(G"-HoUll)rr H"-W2~1I ~Hr .1Gf Lo~ Kp 

o 
100 
?00 
2Sl) 

)(jO 

40J 

600 
70,) 
0'..1'-' 
9JC 

lOC':: 

14G;j 
l?uJ 

toOl! 
f0G 
80'; 
9(1) 

vOJ 

~ i 01) 
nOJ 
tJX' 

~" 00 
25,)" 

:WOQ 

y.)() 

~ ':iv'J 

J9J'J 
"JJC 

lJC 
200 
3)0 
'00 
'>JO 

"(;J)G 

"dOG 
(,BOO 

49JC 
':>000 

':>400 

'>'>0(, 

::>.40? 

".906 
6.069 
b.190 

1:>. "-'r' 
6. )9'1 
&.4'011 

t'. ':o'-/~ 

6.6'1;> 

6.00) 
6.<;'7'. 
l.07? 

7. l~" 

7.31-, 
7.461 
'I.JJ) 
d.O(U 
8.JJO 

~. O~l:J 
3.0;)r) 
~.CJ(; 

~ .0J(.
;;l.C'V.') 

5.JJJ 

:3.J00 
-1.",)) 

J.'JJQ 
d .JJw 
d.JQ) 

'I.OJJ 
3.0JI) 
J.:JWJ 
d.:)')) 

<J.JJ0 

d·JJ0 
8.0JJ 
d.iJOO 
'1.'JJ) 
oJ .OOJ 

LJJ,) 
~ .o,n 
b.J...IIJ 
'1.0210 
d.0JLl 

~. J:J J 
~. JJ') 

1 I. ~ 17 

11.3';.(. 
13.;;77 
14.f,44 

lS.:'J2 
1.1.>.5t . .[ 
1.7.1072 
Id·ln 
ld.(J'i2 

19.')3';1 
20.12") 
20./;)tl4 
11.20" 
2i.(,·H> 

d.dd'.> 

'- 'j. 344 
2:..671 

27.l91 
27.61,') 
21.0'17 
ZIj.13J 
.28.:>62 

n. 
Fi.J20 
29·22d 
2'1. '.]l 

Z->.6::d 
?->.!;I2t 
}:J.JO'J 
30. In 
30.311 

:1 ~. ? l!' 

11. 31' 

11.317 
11.551 
11.9'H:l 

l2. ,03 

j4.446 

14" ~60 
1 ':>. Z<)J 
15.:'(J(; 

I",. J02 
16.421 

Ie. ruo 
t'7.J97 
l-r.'.I', 
I.U) 

18. ;J<; 
la')d') 
] .,;.~oO 
]s-.1.n 
1'>.;79 

.169 
,; .)du 

• l3(~ 
• hit.. 

I • )d2 

. .,61 

:?2.'.-JtI 

.:.2.670 
n.H~ 

23.0:)2 
(L[(,4 

23.322 

? 3.4 rr 
2 ~. 1.>2') 

17'. 
}t!/;' 

2.1-./55 

.JOJ 

.GI t 

.61ll 
I.LU 

1.846 
2.4[d 
;.ld 
3.rR" 
4.':'':'6 

S.u,) 
').0'0<' 
6.497 
7. ['19 
r.n2 

5'036 
'~. 375 

lJ·17" 

15.72'1 

li. 
n. 
22.'1,') 
2 J. 12 ~ 

21 •• ,2'1 
25.12 .... 
2.6.\29 
21,.'12'1 

27.77'1 

;j. 

3/.·52'1 
B. 
3' •• 

V5. 

3t>.'J2'J 
-~3Y.-S:t'l--

!.10! 

t.IOf 
7.107 
!.10! 

7.10b 
r.l06 

1.1 w7 
<.107 
1.U/, 
T.10/; 
1.1 v6 

,. 

r ~ ; ".I::' 
1 •• 46 

6.8() .. 

.000 

• G0G 
.JOJ 
.000 
.OC) 
.OJO 

.OW') 

.DGO 

.00'; 

.0vO 

.eva 

.000 

.OIJJ 

.JuO 

.000 

10,.104 
.6). itl{ 

D€c. 31, 19-:'2; Dec. 31. 1973 

6.B1 4.641 

6.JZc. 4.6013 
6.:)r,6 
'.l.llO/.> -

">.">") 
~. -:' >::) 

).JL') 
4.:65 
'" " ? C~, 

4.24') 

:i." ~4 
\.12 .. 
;\.40<' -

3.2\>3 

;:. ·144 

2.1,,) 
1.900 

Z·,J2C 
1.6,0 
1.31'3 
I.IST 
.984 

.d'd 

.12& 

.40 7 

.29" 
• 14,-) 

.2eB 

] .:":-7 - • t 70 
I.n6 .1.11 
loll u .l Jb 

on/,ll .07d 
.6J7 • 0~) 

• ;00 

.()OJ 

.:;: C ~ 
• Jf...J 

• .).,0 

.:;:0" 

.0 

.J 

.00 

.l' 

00 
JO 
:'J 
00 

.000 

.')ui.l 

.... ,.,0 

.D(JO 

. 000 

c. 4 i>J 
11.(->':1') 

.Joe 

.00,) 
-000 
.000 
.;:leO 
• en:,; 

• :JJ') 
.(.JOO 
.000 
.00(.; 
.OJU 

.')OJ 

.000 
• J0J 
.vQO 

• JO~ 

• OOI..! 
.000 
.00:) 

·J00 
.000 

.3<0) 
4b1 

Nb 
\jIOBIUM (Nb) 

S29&,15 :: 11.317 gibbsfmol 

Tm " 2750 ! 10 K 

Tb .:: 5136.05 K 

~ea"" of ro:--mation 

(LI~UrD) GF\l1::: 92.906 11 No 
'~lH29&.15 :: 7.107 kcal/mol 

Him" -: 5,43 ~ 0.20 kctl,l/mol 

~Hv" 154.929 ·kcal/mol 

The heat of forrrntion of /lbU) .H 298 :'S K i::; calculuted from that. 

bntweoh H;750-H29S for Nb(c) MId !'ib(O. 

the crystal by adding <i.Hm u and the difference 

r;eat Capac!. tv and Entropy 

Thc enthalpy :ned3urement.s on Nb(i) by Sheindlin et al. {J.J <3nd '1argrave (.!!.> do not extend over a sufficiently wlde temperature 

f'dnl1e SUCh that a hea.t c<tDacit:y value could bc derived. TherefoTe, the heat capacity for Nb(t) is estilllilted as e.o c.1]/IT'ol by 

analogy with other ~'0'1atomic metOlls. The ent.roDY Bt 298.15K is calculated in a 'l1anner analoeo1.ls to that used in c;;.lculating the 

h".,3,t Dr forrr.atiort, A glass transition is assllmed at 181)OK. T!"\(? heat ca'.)acitv va1\><;;;'5 used below HOI) K are those of ND(c). 

'~llting Data 

Melt.i.ng point determinations tor' Nb have beel' numerous, with mo<;t n:oorted values in the rdnge 2680-2795 .>( OPTS-S8 scale). 

4,. pl'.i.me cause for diversity in t~e r€sulcs is ,that the nlf!lting point i:; qu',te sensitive to impu!'ltiE's. E's;:>€cially gases such uS 

oxygen clnd nitrogen. These effecr-'l have been documented by Schofield (}) and ?emsler (1). The vdlue chosen for fm is 2750 ~ 10 K 

as reported by Cezairliyan (1) using a subsecon1 pulse heating method. This valclc is consistent wir-h the heat capacity values 

ncar Tm ... !lich <Ire also b-ised 0:1 reldted worK by Cezuirliyan (.:!). 'Hher values in this rangt: (corrected to IPTS-G8 scale) are 

27 116 K by Schofield (1), 27 tl5 K Dy P",m,.;ler (1). MId 273B K by BuehlpT' (~). Kochcrzhinskii and Kobun'ko (§.) have reported a Tm 

vdluc of 279J K, Llsing a ~am~lc plJrificd by electron zone fusion . 

The valUe chosen for 6Hm o is 5. lj3 ! 0.20 kcal/mol as det..:-rmined by '~ezairliyan (1) usinf!; a Dulse heating technique. Adopting 

this vdlutc' gives consistency bet;..reen the cpg va1.uE!S nCilr Tm, ,~Iim~, cmd Tm'::5 all the::;", villues are depend(!nt upon the same hcati"g 

teCf"ii"liqu('. S"eindlin et a1. (2) rC~?or'ted c,lim" = 5.591 ! 0.17') on ettt.h,)10'1 metlSI.lr<)mcnts on Nb(c) .lnd NbU) obta.ined 

fT"or:'. lwdtation calorimetry rechniq~es, In the vicini::-y of T,I'., the cldooLed c::nthaloy valu~s fo!' Nb(c) and Nb(t) lie roughly 200 

cal/mol 10;.]er than those reported ny Sheindlin o2t al. C]). ::Jargrave qn, als:! using levitation teChniques, report'ed cl vi;illJe 

,Hmo::: 7.9 kca1/mol. It: is felt' ~hat Margrave'!> value was c<'lc1Jlated from a 'Oeasured enth-3.1DY of ~'lb(n dt Trn and ,he enthalpy c.f 

Nb(c) ;'it" as SIJggt?stcd by Hulte:;N'.n er- aI, (i). r)ur enchalpv valUe,> at Tm for Nb(ci would reduce 'largr.Jve'::; value to roughly 

7.1.) kCdl/moI for 

(.19) ir.ca";ured thf' er:tlidlules of !'ib(c) ilnt! ~lb( n <1t ':71e melt:ing pOlnt u:;inp' the method of pulse hf'ating. 

The, reDorted '" heilt of rle:i.ting Vahle of 7.39 kcal/mol for an ;:b sample which l1a,. f Y2PO,·t",d to be 9'L94~ pure. No Tm value WdS 

reDorted . 

'JaDori zdt._i.o!:l._J'?~'l 

Tb is 1:h~ ternpct'4tl.lrC at ,;hi.ch the SiDbs Q:'1ergy 

Olb, g) J.r:.d I\ijf'(~b, l) at Tb is \Hvo. Thus Tb 

the boi ling point :::robablv or tr-d'! order of ~l,),) l(. 

R('fcf"l?nces 

1. T. H. SchofiE~ld, J. Ins" Metals i!2, in n!J5G). 

ch,lny,e for the react:io1'l "IbU) 

c,'1.1c'~lat.ed as Sllo.rlS K iwd 

Also I'€:fer to tibet) table. 

2. J. P, Per:-slE.r, ,J. Clp.ctrochem .. Soc. )J2_~, 7114 (1961). 

3. A. U. S. :-JatL Bur, Std. ;{eDc. l)gf)ll, July, 1'177, eh. Sand 9. 

f.... C€zairli..yan, U. S. tIatl. Bur. Std. 7Sll" SGS (1'171) . 

::.. E. Suehler, Trdns. "niC ill, 694 (l9S81. 

r~b (g) 

"flv· is 

aDDroache~; zero . 

164,:JZ9 kCilllmol. 

rhe diffE.r'ence between 

Th~ uncert'ainty in 

6 . r'cport02d by J. IL Charl€::>worth, Melting 'points of 

7. A. £. Sheindlin. B. Ya. Berezin, and V. \tri.. Chckhov::;kG:l, High TDllt)Cr:l.t.ures-l-ll.vll PrQ:ssures, ::, 611 (197]) . 

B. ,J. 

J: R. aT',tJ K. K. Kelle:-,. SUp()lBm~nt to S[;lected Vdlues of Thermod'lnamic ?:'operties of l~etals an.d Alloys, 
lib 

l·J. t1. r. Tsaokov, :<uss. J. !'hys. C'"tem,~, 7111 (1973). 
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Niobium (Nb) 
Nb 

(Ideal Gas) GFW 92.9054 

~~~~gibbsfJ11QI kcal/mol----~ 

T,OK CpQ S" -(GQ-H~2P~)rr H"-H"nIJ 6Hf' 6Gf" log Kp 

300 
400 
'00 

600 
700 
800 
900 

1000 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2160 
2200 
2300 
2400 
2500 

2600 
2700 
2600 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4S00 

4600 
4100 
4800 
4900 
5000 

.000 
() ~8B8 
1.154-
1 ~ 208 

1.207 
1.086 
6.89 ; 

b~ 70'. 
6~ 540 
&·402 
6.284 
6. ias 

b~ 102 
6~ 034 
5.981 
5~941 

~. 915 

5.902 
5.903 
') ~ 91 7 
5.943 
5 ~ 98t 

b.030 
6.089 
6.15-; 
6.21'. 
6.311 

6.<107 
6.501 
6.599 
be 100 
6.802 

6.<)06 
1.011 
7.11~ 
lA2la 
74319 

1.419 
Tv511 
1.612 
7 ~ 705 
7.195 

1 ~ 882 
r ~ 91'36 
8~041 

s~ 12'5 
8.200 

8.212 
Se341 
a~40a 

8 c 41l 
a~ 532 

5100 6.591 5200 -----8-.. -6-4-6--

5300 a~ 100 
5400 8~ 751 
5500 8~ 800 

5600 
5700 
5800 
5900 
6000 

8.846 
0.891 
8.933 
!l.973 
9.012 

,000 
36.7"38 
41,1'318 

44.490 

4"'. '.>1':1 
46.;'95 
48.15S 

49.3'95 
50.416 
51.280 
52.027 
52.684 

53.269 
53.797 
54.278 
'54.120 
55.129 

5~. 510 
55.868 
56.105 
56.526 
56.B32 

57.125 
57.406 
57.679 
51.942 
58.198 

58.448 
58.691 
58·930 
59.l63 
59.392 

59.616 
59~837 

bO.055 
60.269 
60.479 

60.697 
60.892 
61.093 
61·(92 
01.488 

61.662 
61.873 
62.061 
62.247 
62.431 

62 .. 612 
62.790 
62.967 
63.141 
63.312 

I NFl Nt IE 
50.655 
45. L49 
44 ~ 490 

44.'.90 
44.172 
45 ~299 

45.882 
46.459 
47.009 
47.,)26 
46.009 

48.462 
48~S85 
49.281 
49.&54 
50·006 

50.338 
50.653 
':>0.952 
~1.237 
51.509 

':>1.769 
52.019 
52.259 
52.491 
"2.714 

52·9l0 
53.139 
53.)41 
53.538 
5L729 

53.9l6 
54.097 
54.214 
54.44cl 
54.617 

54.783 
54·945 
55.l04 
5'.1.260 
55.41"t 

5'3.564 
55~ 712 
55.85 1 
56.00l 
56.141 

5&·280 
56.417 
56.551 
56.684 
56.S15 

l~ 991 
- 1.412 

~ 106 
,000 

.013 

.729 
1.428 

2.108 
2.170 
3.417 
4.051 
4.074 

5.2ga 
5.895 
6.496 
70092 
7.68'+ 

8. 2 r~ 
8.S65 
9.'156 

10.049 
10.645 

1l.246 
11.S51 
12.464 
13.0a3 
13.711 

17.673 
18.368 
19.075 
19.791 
20.518 

21.255 
22.002 
22.758 
2J~ 524 
24.299 

25. 0 83 
25.876 
26.676 
21.485 
28.30i 

29.125 
29~956 

30.793 
31.637 
32. 4 81 

11<t.45c) 
114.854 
115.058 
115.200 

175~202 

175.:3.1 9 
115.405 

11'5.460 
175.481 
17'5.490 
175.469 
L 15.426 

175.368 
115.291 
175.199 
115.093 
174.972 

174.83~ 
1 1 4,690 
174.527 

173.94'( 
1738722 
1738482 
17J,l2J 
112 0 944 

112.639 
112.296 
l65~611 

165.476 
16').351 

165.039 
164.955 
164.dS2 

IM.819 
164.766 
164.722 
164.688 
164.663 

1640641 
164.640 
164 .. 640 
1644649 
1M.605 

164.689 
164~ 720 
164.751 
164.801 
\64 .. 851 

INf INI TE 
- 3H~ 770 

t68~019 - 183.603 
1604 .534 - 120~OO6 

l64.461 - 119'8l4 
160.871 - 87.896 
157·249 - 68.133 

153.611 - 55.953 
149.967 - 46.a22 
LIo6.321 - 39.973 
142.671'3 - 34.646 
1'\9.~H5 - 30.386 

135.398 
131.767 -
128.144 -
124.528 -
120.920 -

117.322 -
113.73,1 -
110.150 -
106.578 
103.016 

99.465 -
9S.'l23 -
92.392 -
tl8.HZ 
65.363 

26.901 
23.998 
21.543 
19.440 
17.618 

16.025 
H.621 
13.374 
12.259 
11.257 

lO.351 
9.529 
8.119 
8.093 
7.462 

.!l6b - 6.881 
6.344 
5.856 
5.410 

68.564 - 4~995 

65~339 -
62.119 -
58 ~901 -
55~ 686 -
52 .413 -

49.262 -
46~053 -
42.845 
39.639 -
36.432 

33.221 -
304021 -
264816 -
Z3~611 -
20.406 -

1 7 .1 9 9 -
13.993 -
10.7et. -
7.577 -
4~ 368 -

4.606 
4.243 
3. 9 01 
3.519 
3.277 

2·991 
2.720 
2.464 
2.221 
1.991 

1~ 771 
1 ~ 562 
1.363 
1~ 173 
~ 991 

.491 

.336 

.191 

__ ~ ~! ~ §L __ __ 5_6_._9_lt'!. _ ____ .no! ,L4_3 __ ____ l ~~! J.9L_ __ _ __l!. 12 ~ __ = _____ ~_o_ ~Q 
b3.649 57.071 34~205 ~ooo .000 ~ooo 
63.81S 57~l91 35.072 .001 ~OOO ~OOO 
63~978 57.321 35.94~ .000 .000 .. 000 
64.139 57.444 36.8,23 .000 .000 .000 

64.298 
04.455 
6 4 .610 
b' •• 763 
64. 9 1'. 

57 ~ 565 
51 ~6B4 
57.802 
~1~919 

58~034 

31.705 
38·592 
39.483 
"'0.378 
41.278 

.000 

.000 

.000 

.000 

.000 

June 30, 1972; Dec. 31, J973 

.000 

.000 

.000 

.001 

.000 

.. 000 

.000 
cOOO 
.000 
~ 000 

NIOBIUM (Nb) 

Ground State 

S29B.lS ::: i.J'1.49 !: 0.10 

Heat of Fcrmation 

0.00 

15 11.19 

391. 9 g 

6 9 ~,. . 2 5 

1050.26 

1l!.i:L 79 

1586.90 

2154.11 

2805.35 

4998.17 

5297.92-

59&5.45 

aulD.90 

8705.32 

~ 

10 

10 

(IDEAL G.I\S> 

E1ectro:;')l.c Levels and Ouantum We-1.8hts 

-1 

~ 
9043.14 

<)1>9r.52 

8827 .00 

9$28.1!8 

94·39.·OB 

10297.51 

10126.06 

1131S.09 

l09?2.74 

11044.0B 

11747.88 

11574.65 

11344.70 

:1. 

10 

10 

12 

14 

-1 
t:i' cm 

12018.75 

12135.85 

17357.70 

13012.70 

12102.12 

12502.97 

11288.25 

12692'.12 

129g2.38 

1311>5.71 

13404.77 

13515.20 

1392'9 .. 15 

~ 

10 

12 

10 

12 

10 

OfW ~ 9?9~64 Nb 
6HfC; ::: 174,5 !: 4.0 kcal/mol 

lIHf 29 3'.lS :;: 175.2 .. 4.0 kcal/mol 

-1 

~ 
14211.30 

14899'.'26 

18254.79 

23795'.36 

27536.53 

30778.99-

33099,'53 

35508.9g 

37614.24 

392Sl.lJ.4 

41451. 31 

4450 ll.84 

47368.56 

~ 

186 

168 

22!J 

211: 

316 

158 

248 

228 

236 

166 

148 

A second and thir-d law ana:i.ysis of six repor'ted vapor- pre.ssure studies is tabUlated below. Five st~dies (1-.§) USed the 

Langmuir free evapot'ation rnethod while one study (§.) used the integra,l variation of the Knudsen method. 

l'IHriqs-' kcnl/mol 
Inv€stigl!tor 

Koch et al. (D 
Speiset' et a1-:- (2) 
Kaufman (3) -

p.~act Lon 
Temp, K 

(IPTS-6B) 
No, of 
Points ~_~~_ 3rd Law 

Drift 

-""--
7 .5!:l.5 

t.Hf 29 8' 

kcal/mol 

Woerner a;d Wakefield (4) 
Reimann and Grant (5) -
Vlasov (§) -

2744-3146 
2307_2500 
2456-2591: 
2253-2004 
2370-2585 
7553-'2684 

15' 
11>·· ... 

B 
Equation 
Equation 

4 

293:9,9'K poi.nt deleted due to a statistical test 

'2307, 232B) 2584 K poin.ts deleted due to a statistical test. 

value is calculated from the third law IlHf 29S ' 

-1. 31.:1.6 
-2.81.:5,3 

-3.6 
1.1 

IB.4:!:4.a 

A va:porizdtion 

B " sublimation 

\ole adopt IlHf 298 := kC.:Il/mol for' Nb{g) Which is a rounded average of four results <1., 1, ~, 2). WIth a drift of 7.5 eu in 

that: dittil, Shchukarev et al. (!) reported d heat of 5ubli'T..ation of NbCc), determinp.d at 22s.:.3-2393' K, of 172 :!: 5 kca1/mo1. OUI' 

tabulations give lII'ls2300 :: 173,5 kcal/mol. ThE! same wor-kers (2) lal.er Y'eported {)HS 293 :: 173 kcal/mol base.d on a second la,w 

dnalysLs of Nb+ ion CUrrents at" temperatures above 2573 K. 

Heat Caoaci ty and Entropy 

The electronic levels and qU<J.ntum weights ar'~ obtained from Moore (.!!.). Above th'~ level {:i :: 14899'.'25 em- l , the values of 

(.i and gi listed al':"e average values calculated from those given by Moore (10. There are predicted electronic levels which have 

not been cbsepved (!), These levels ~.l:"e assumed to lie above 20,000 cm- l and thus \oIill not significantly affect the entropy <J.t 

temperatures below 3000 K. The heat capacity and entropy valUes are very similar to those adopted by Hultgren (~Y, being the 

same at 298' K and diffe.ring by 0.39 "gibbs/mol in Cp and 0.03 gibbs/mel in S~ at 5500 K. 

References 

1. R. K. Koch, W, f.. Anable, and R, A. Beall, U. S. Bur. t-lin-es RT 7125, 196·S. 
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Niobium ~1onoxide (NbO) 

(Crystai) GF'H = 108.9058 

~---gibbs/mol----~ kcal/mol 

T. "K CpQ S' -(G<'-HO:na)/T HQ-W~ ~H~ ~G'" log Kp 

0 
100 
zoo 
298 9.826 11 ~ooo 11 ~ooo .000 - lOO~300 - 9).676 68~6b6 

300 9.844 1l.Obl 11. 000 ·013 - lOO~29q ')3.635 6 8 .2l3 

400 10.')24 13.995 11 •. 396 1.040 - 100.232 - 91.422 4<;1.951 

500 10.953 lb.392 12·163 2.l15 - lOO.l36 - 89.2)0 39.002 

600 11 .. 282 {8.419 13.041 3.227 - IDO.elZb 87.060 31· 711 
700 11.560 20.179 13·937 4.36'1 - 99.'105 - 84.908 26.510 
BOG 11.823 21.7'.0 14.817 5.53B - qq. 7HZ 82·774 22.613 

900 12.065 23-141 15.666 6.133 - 99. 0 49 - 80.6~6 19.586 

1000 12.301 24.430 16 .. 479 7.951 9'i.508 - 76.55? 17.168 

1100 12- 528 25.613 11.2~6 9.19) - 99.360 - 76.464 15.l92 

1200 12.753 26.113 17.999 10.457 - 99·204 - 74 .. 38';1 13 .. 548 

1300 12.975 21.HZ 18 ~ 709 11.743 - 99~ 039 72..328 12.159 

1400 13.1.95 2d.712 19~ 389 L3.0,)2 98~a65 10.280 10.971 

1500 13.412 29~630 20.042 14.38l - 98~6S3 66.245 9.943 

1600 13.629 30.502 20 .. &66 l5.734 - <;8.493 - 66.221 9 .. 045 

1700 13 .845 '1.335 21·212 17.106 - '>13.300 - 64.210 8~ 255 

1600 14.061 32.1B 21·853 18.503 - 98.103 - 62.210 7.553 

1900 l4.276 3 2 ~ 8<;9 2(.414 19.920 - 'n ~905 - 6>:1.222 6.927 

2000 14.490 3 ~.636 22·<;157 21.358 - 97.706 59.244 6.365 

2100 L4.7C13 34.348 23.461 22.011:1 - 9L508 - 56 .. 215 5.857 

g-~-g--- --H ;'IH ----~-;-:-~~~----H~ t~~· -----}~~~~I ---:=- --i}:-tH- -- ~-- ~-;-:-}~ }------i: %~t 

2600 
2700 
2800 

15.344 36.354 2fh-,168 27.325 96.937 - :'O.42~ 4.592 
15.557 36.<;64 25.436 2t1~810 - 96.763 - 48.491 4.219 

15.170 
15.983 
l&~ i?5 

37.599 
38.198 
38 .. 183 

2S~ 892 
26~331 

26 .. 711 

30.437 - \:)& .. 603 
32.02';' - 96.471 
:n.b33 - L02 .. 675 

Dec. 31. 19"13 

- 46.562 
- 44.641 

42.601 

NbO NIOBIUM MONOXIDE (NbO) ( CRYSTAL) G'" 0 108.9058 NbO 
.1HfO :: unknown 

S;98.15 :: rn.o ~ 2.0] gibb5!mol 

T!11 = 2210 ~ 15 K 

llHfi93,lS :: -lOO.3 .!: 1.0 keal/mol 

(\Hm° :: 20.4 ~ 5.0 kcal/mol 

ned t of Fo!:'rrtation 
ilHs;9B :: l!J 7.8 ± ~. 0 kcal/mol 

T:18r8 are two reported oxygen bomb calor:imetric s"tudies foT' tfDO(C). The re,.;ult!.> must be interpretec1 in light of impure 

s-3.mples, incomplete combustion to , <1.fld th8 possible nonstoich:'o'1l.8try of the re3Ct&nts and products. Morozova and 

Getskina (1) reported nHc;Sl = 2SS.CJ While Kusenko and Gel'd (1) reported = 263.2 kcallmo1 for the combustion of 

NbO(c), Using auxiliary data (~), we calculate . Schaefer and Liedrr,eier (~). u'sing 

C1
2 

bomb calorimetry, reported a value of -97 ! 1 based on l\Hf;9S(NbOC1 3 • c) -210.2 kcal/mo1. 

A second and thir'd law analysis of the majority of the reported smoothed el'\-; data is tabulated below. Note that the hea.ts 

of forma.tion for NbO(c) calculated from the third law M-I!'~ values are rOll~hIy 3 kca1/mol more negative than. the adopted valUe. 

There is, however, excellent" a[peement within the equilibrium data; the third law f.Hf;9a vdlues average -100.3 kcal/mol with a 

spread of only 1.3 kc,:11/otwl. ;,]e adopt 100.3 ! 3.0 kcallmol based on an avera~e of the equilibrium studies (i-11). The 

for the di.screpancy between the and combust~.on rs~ultr, Ls not knotm at t-his time <'f). 

"Reference 

5 
6 
7 
8 
9 

10 
11 

Reactions: A Nb (c} .. 

Temp. K 

1245-1379 
1115-131>7 
1123-13;>3 
1030-1300 
1000-1400 
1073-1373 
1177-1308 

Reaction 

A 
A 
A 

A 
A 
C 

B Nb{c) -I- 0.4 Tode) oj. Nb0(c) 

c Nb(c) :0 WbO(cJ .. 2(3 Cde} 

Heat Capacity and Entropy 

kcalhtol 

3"c1 !JC!.W 

Drift 
I'l.H:·;9S(NbO , c) 

3rod L-3.w. Real/mol 

-100.02 
-101:21.; 
- g9.8lt 
-100,99 
- 99.55 
-100.10 
-10.).12 

GelId and Kuse'1ko ()'1) measured the er.thalpy of N'='O(c) and reported f01..lPt"ecn ·:lata points in the range l120-1702 K (IPTS-fi8). 

!to Shomate-type equation is. used to represent the data. Th8 averalS€ deviatio:-. between the clata >lr.c:l c<l.lc\llated valu€s is 0.31%; the 

F.l.aximum d(~via"tion of 0.6:?"o occurs '!; 1518 K. l'his equdtio,\ is us<:!.d to obtain extrapolated value:" of CpQ up to Tm. 

There is no low temperature he.at c:apdcity data reported in. the literdtllr€. f')!' T < 298 K. In order to have the third law 

results of the equilibrium data dr;ree. wi th the cOl".bustion dat.:!. ar. entropy value of the order of 13-14 ;:;ibbs/mol would be necessary. 

At this point, however, the third ldw drifts would be all positive. S;9E = 10.? gU)bsimol would lead to a more ~;atisfying 

variation in the ~hird law drifts for the condensed phase equilibrium data but an intermediate value S298 :: 11.0 gibbs/mol gives 

be"tter consistency ' ... ith the VdPO!' pressure da"ta. For more det3.ilf> refer "to the NbO(~) and trbJ 2 (g) t.ables (.2)' 

Eb<l.se Data 

Bpauer q .. l) reported a homogeneity range of )( -: 0.99-1.04 for 

vacancies {12. l::>. further informa"tion rr..ay be found in the review 

Mel"t"lng Data 

NbO{c) :"1dS a cubic structure, a NaCl type with ordered 

Nh-O system by "F.lliott (.h..~). 

See NbO(F,) table for detdil~. 

Sublimation Data 

The mass spectrometric study by ShchukaT't!v et al. (.:h.§.) indicated that lJbO(c) at elevated temperatures yields NbOCg) and 

In the ran£"e 1571_2473 K, the concentrdtion of UbO in the vapor phase over NbO(c, n v&riQd in the :ran~e 5-30* <]Jp. A 

hedt:, jHS;98' i~ ~alculated as the ctiffer<3nce between the l1Ef;98 valt.:es for qbO(~} and NbO{c), ~HS;98 = 11.>7.8 .!: 5.0 

kcal/mol. 
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Ground Stut:e Confi~urdtion r 4
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e 9a'L03 
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~9_L fOrTilat'ion 

(IDEAL GAS) 

.2L 

w x 3.83 crn- 1 

e a: .1 x 10- 3 01".-1 

Gn.; ::; 108.9058 

5.0 kcal/mol 

l!7.S.! 5.0 kcal/mol 

re 1. 691 A 

~JbO 

Using the ado~tl;:'d vibrational con.stants ('~e and 

on the linear Bit"'ge-Sponer extrapolation. of the 

we calculate DO ::; '085~ eV as The di.s:.ocidtion energy of NbO(g) based 

Applyinr; -l correction for tnt:! ionicity in tht:! ~b-O bond as sugg:ested 

Hildenbrand and ~urad C]), we recalculate D~ ~ 3.03? eV. This la't"t€"r value corres:Joncls to '~'lf;98(NbO, r;) ;:; 48.03 kcal/mol, 

a,3~iu~ing dissociation to '1or':\a1 a"toms. while "tone !'01.'Cler vields 5;' .11 kcal/F:ol. 

Shchukarev, Semenov, rr.J.)1t:sevil, (,:;., ]) f1ctve in'lestla,'lted 1'1a55 spect't'ornetrically th~ compositi.on of 'the vapor's over NbO{c,n 

drld Nt:.O~(c, i) In their first Hork (1), the duthors reported that, Des ides Sllblil1hnion at 1773-1923 K, 'the reaction 

.:: fJh(c) + Nb0 2 (i';) occurs. A second liJ-l.J \113
0 

;;; :': ~ kcal/mo1 was "'eo:)r'teo. faT the r3.n"e 1713-1923 K. Using du:<i.li.a.ry 

ddtd (~), we cdlcula.te ".) ;;; in.? '! 3.0 XcallT.101, assumin". the reD8r1:ed value re"cr-2 to 1 900 K. 

::::hchukdroev et ~1.l. (;1) rneasuT'€d the \Oauor pressures of \!bO an.d 0IbO') ove" Nb'l(c, [.) --'l.nd .'Jb"1?(c, e) by the effusion method 

coupled with a r.l,lSS SreC1:ro'l'.ete,. The results .-';.pe summaroized the faUol-!ino: t-3.bleo 

ge:iction 

.'lbC(c) ::; NbO{.!) 

,;) = NbO(s) 

·ole adopt ·Hf;98 :: 47.5 

tahulated ')bO'Je. It 

''oHf,n' :tdopted ~Hf;98 
ileftt C'H}".city .'l.nc1 lntr00\' 

:tange, K 

:'lHr;<J8 ' 
2 nd [.(lt~ 

1113.C1 

1:13 

:01' n,O(,;). Tbe adopted 

11l7.5 

17q 

'l'.'orsr:e 
note th3t the Bi"--:e-Sponer result 

1e.'l,j-; "to d di.~."oci,)tio:1 D; :: 8,'15 eV. 

'.:he spectroscopic work involvin;:: }ibOC,,) :'",en reviewe,i oud rc "',!1'enced by 

c::ons1:ant~ as ',;ell the elcctr()n~c levels Ire "t:I-)-::~ 

..-"!l--

-<1.2" 

axc:cll.::nt 

~Hf298' kcallmol 

2nd l.a'.~ 3rd La\~ 

'-17. 

117.6 

::;econd d.na t:lir'ct law rcsults 

wi t1'1 the adopted 

(I,). Th2 -3.:Jo?tcd vibrational and rotationdl 

-- in ~!osen (,;:J, the data Sl.lgg8S1: u (1&

r;r-ound state CIS in 'F){,,) (§). HOI.'ever,"", rossible in :''iG(~) (,2) is ,,')1: exclu:::!ed. The recent 

by C:'1eet!larn and Barrow (£:) ·1nd '.Jeltner (2) favor rl. Usi.np; 

prodUces the thel'ono1ynarnic :ul1c"tions ,"3.S d'Je:; -"3. ~ro\J:1d stOl1:e an1 a Z transition ,,1: 21315.2 

at 21316.2 

et a}. (5l.) 

t~e infrared clDsorp'tion spec::tT'a of i.501:0pic XbO isoLJ.tc1 i."1 a'l ;',r ndtt'ix, Green e1: 310 (~) \'eport.ed th3.t ,1 partial 

:m.alysis of the observed bands supper-ted 'the a5sip;nmen't o· a electronic ground state :or ;!b"). 

free ener~y r,mcti")fis u~.ej ~e!"'e dr'€' .1?pT'Qxir:'.dtt!1,/ 1.85 ~::'b:'s/;'!Ol at 298 K "lnd 2.9'1 ",i.bbs/:nol at 3QClQ ~ lowep than those 

p:'oP::>S'2j 'of Bre·..Jer 3.nd Rosenblat"t (~). The :iifference ari:;es fro-, t:-,e t"lct t~_J."t Bpe,",er -In.d ,<osenbl<ttt (_i!) approximated the NbO 

el~ct:ronic levels ~y US1:1>; ~~b+- elcctronic levels (\.;~ich i::v::l".Jde:i 10'.4 lyinp; lr!vcl~;) VJhere:!s we ~-3.ve 1.Jsed the observed NbO 

electronic l~vel:;, 

Rt:!f ~I'~n.Ce.·i 

,. 
3. 

'. 
5. 
6. 

9 . 

H. Rosenbl.att:, in "Advanc!!s in Hi~h Temoe:-'dture CheMistry," Vol 

'do Korf:nachcr, '"-nd D. ~l. Gruen, 1. Chern. Phys . ..§.i, ~04 Cl~73) 

i Khim. Tekhnol. l, 691 (1%2), 

l '37') 0 

Academic Pre::;s, :.lew York, 

Acadenic Press, Ne\.i York, 1957 J 

'_yrl.ng, Cd., Academic Press, N"ew YorJ.:, 
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1 ~ J 0 <'13.<;12 J3.11 .... l';.l)6 P 126.J.<.7 
l4JiJ ~ LJ. j 7" 1:. • -i ~ ~ 21. ,1 9 123.37<; 
1')011 ';(1) ">1.nl 3"" .01" l.l.")!,a j(,LOn L'G.4':;C) 

111.10 70'.-;;00 'i1~ l"D H.C'+7 2".i<P \'<'L2 7~ 1\7.'id 
lULl ? 2. • '}~) fJ ':i' •• 'i<oS JI1.:L\? ?~.O., S - It-2. (,4<- 114.7t.') 
lb!)() 12. 'j00 ';",.H_", ~ 1'1. ~ 90 31._>103 - 1 ,c,l.J3 7 111.-1"" 
J1JO 2?5JO ~ 7 • J 'i C ~q. 909 1/."1:1' - 1 (1. '->';'-> I :In.1 ?Q 
2000 27. 'l0J "".2J<. 40. IS') V •• E!]P - 100.11'13 - \.)1::.44, 

f,<'.1'1! 4",.'><'1 411 • .: 1 ~ )50.126 "0.51 ;, 
64. ')'" 
1,<;.775 

7:,·-:;,; ,??<;.)'l '.7,')7') 'j".O,,"p jr,I ..... 3·' ;\2.'021 
10), 22.5110 or.32! <.8.Ul <i! • .I1'l J ';2 • tl ~ f: !'I .~(.<J 

1 ~ 7) 

Log Kp 

ji6.I'-r{, 

U6.00<: 
e'5.')70 

&6.':>'0 

"'4.19'5 
4'J.397 
1"1.HH 
3Je7Jd 
29.td'_ 

16.315 
r~.Sf,J 

2i .,?.I.) 

['-l.2h) 

U.55i 

1 
!1.f.1? 

7.60" 

6.21 
5.0')£' 

'H')BTUf-l JIOXrDE elb02) ( LT:):JJD) GP~ = l2'-1. ')05? 

S;SB 15 -: 22.1.83 ?;i.bl}~/mol ,""Hf798.15 -:L59.802 

Ty.: " 11·' ~ 15:,( IJjP.l':' .f' ~ 5,0 :>:.cal/mol 

H ea"t 0 L_r9X~.c~.!.!9_G 
T:Ce ~eat of for-rnation of !lbO](1,) is cal.culated fro<r • .:lrlf;9S(>lb0

7 , plu:. til(' 'H:',lt of meltinG (,""Hr.o) and the i"!nthalpy 

diFferences (H;7.10-rr;9S) for the ,::ry:,t:~.!. and ti,e liquid. 

ri.!:-'_~S __ faD~ci 1:"/ and t::fltI'OCl" 

TrIer.;> no :::hta r~?OI'ted in t.le li"teratu'r<? conCerni:1f: th~ hed':: CilDac' tv 'Jr 80ltha2."., 0: :-Jb'J., ( ~). ··Ie est2.m<lt"i;> a constant 

v3.1..Je Cp" >: 'I.', r;;:i:Obs!6-dtom or n.'i t:ibbs!m:>::' for t:le !.i1.uid. phd!;€'. t:ran:;.it:ion is d;:;u·nec xt 1J("JO ;: !J131ow which the 

Cpo ·"<llues of thoc crysla:' "".rEo .\sed. [he en1.J;'op'l at 23'1.1.:0 .< is C;J.l;;ulated in d manner "ma.logo:.is to th,t used in calcu1ilting tne 

hedt of ~:.·rmarion, 

:icL 1 in" JC'.ta 

:::l.Liort (_-hJ r-e~,or'-:-ec 

.J ,<,.comp8S i rion. T~~ V,! pOI' 

I,!,:: <idop-c Tf."l ~ ~17~ ! 15 

t!1e rnel:inf; of ::b0~(c) as Tm :: 2~'l1 r-:: ( 

,Jr€ss .. re scudi' of t'lb02(c, [) by ShcfH-lI;drev C'l 

l;', Ur'..:1er to TiFdn~.li.n .qooJ co:"sisre:1CY · ... it"-1 t."le 

Kolc~in oJ.nu S'..\m"lr(~ko'la (2) Ci]J~ears "Coo ":1l.g~. 

'In.-] stared thd.t .'JbCl 2 (c) melts ""ltho'.lt 

ill. (1) p,.1Ve :"n -: 2173 K (TPTS-53) ;'11th co::gruent meJ.'tine. 

Dr;>ssm-e :::ldtd. ..\ value of Tm :: 23:'7 K reported by 

Th~ VJ.]"lOt' pres.'3ure :)t Shch .. !--arev et a1. (2) ~,u[.g'~sts lKm" :: ~?.'.") kCdl/m::>l which \~C ddop"!:. This leads to IiSm~ 10.1.1 

V,lpo{'i,:atic,:1 J2t:a 

the 

~Che v3.?o,",s O".rE".r 

pr{;ssclres 

3.s.f.~r....§.;:!.s:~~ 
1. ~. P. :: 11 i.ott, 

~"!V.: bee;""! ,;nov.;n Shchukdrev c"l ~l. (2) to be ~b0(!1) _ ~lbO_,(~), M1.d ()(i-~). !H nOD K, the ratio of 

'1~0( gl is 1.00:0. l7. 

,\rlle:-. So:::. :!"tals g, (l'?V»), 

2. s .. \. :;hc:huKFit'e·,, G .. 4., S,"lHe;").()V, :--., r:. frantsev03., RLJ::'~. ,;. Tnot"g. Chem. g. 129 (l96(:). 

o. 'o.~cL,.in. J.T.j .'i. SU'Il<OiTOkov<J, A.::omn<iya. E.:nerg, ~9., lES (1951). 
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Niooium iJioxirip 

( 1 dRa I Gas) :3~!:~ 

100 
200 
298 

300 
.00 
500 

600 
TOO 
800 
900 

1000 

noo 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

7100 
2200 
2300 
2400 
2500 

7600 
UClO 
2800 
2900 
3000 

31 DO 
noD 
:BOO 
3400 
3'500 

3600 
3100 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4-700 

5000 

5100 
52(10 
5)00 
5400 
5500 

saGO 
S900 
6000 

.000 
fl.4':>7 
9.517 

10.494 

12.025 

t2.476 
12.194 
13.022 
13.1 Rq 
D.H4 

13.411 
i 3. 4fl6 

13.b32 

13.665 
13.692 

". 13.151 

13. r66 
13.778 

'99 

13.fl1S 
13.822 
13.828 
I).H34 
13.819 

13.843 
13.847 
13. 8~1 
13.85 t , 

13. f!57 

13.860 
l3.863 
13.865 
13.868 
I J. 870 

13 .872 
13.874 

13.RSO 
13.1381 
13.882 
1308B3 
13.88t., 

13.865 
866 

{3. BB9 

D.8B9 
13.8'10 
13.891 
lJ.B92 
13.892 

.O;}O !r.oF 1" ITE 
54.8').3 -'·LI,e>:' 
61.037 
65.019 

65.084 
M.2); 
70.846 

n.ORO 
75.029 
76.153 
1'd.297 
7 Q .693 

AO.Qt.7 
8Z.l J7 
8302t Q 

84.225 
tlS.if>4 

86.045 
8&.874. 
81.657 
8e.399 
B'i.I04 

89.776 
90 ~4 ~ 6 
n 

'92.180 

n. 72 L 
93.243 
93.746 
9(.~ 2 31 
'14.700 

95.154 
95.593 
96.020 
96.433 
96.835 

97.22'5 
97 .605 
'17.975 
98.335 
98.686 

<)"1.028 
<)9.363 
99.689 

tOO.008 
100.320 

l1lC.625 
100.924 
101.216 
101. 502 
101.783 

102.056 
102.3rf 

106 

103.3S6 
103.602 
103.11'+4 
104.031 
104.315 

66.26<:< 

67.223 
68.202 
69.165 
70.09'5 
70~ 986 

71.831 
72~ 647 
73.419 
74.155 
74. B'.iB 

75.530 
76.173 
76.790 
71.382 
77.950 

18.497 
79.02".> 
19.531 
BO.025 
8Q,500 

80.9"'1 
81.405 
81. £131 
82.256 
87.663 

133.058 

84 ~53q 

84.886 
85.224 
85.'55'5 
85.878 
86.194 

86.503 
86.80') 
B7.101 
87.391 
87.674 

87.953 
R8.226 
88.493 
88.7')& 
89.013 

gQ .267 
89.515 
89.759 
69.999 
90e235 

90.467 
90.696 
90.920 
91.141 
91.359 

124.9'152 

- 2.690 
- 1.893 

.982 

.000 

"Hr 
47.159 
41.;nt 
41.'53"3 
47 ~800 

.019 - 47.805 
t .116 48.018 
2.288 - 48.190 

3.514 
4.77'9 
6.010 
7.381 
8.101 

10.043 
It. ,88 
12.740 
14.097 
15.458 

16.823 
18.191 

22. '308 

23Gc84 
25 ~ 06 ! 
26 • .r..40 
21~819 

29.199 

30G581 
31G962 
33 ~34 ') 
34.728 
36.112 

37.49b 
38.880 
40.265 
41 ~ 65 a 
43_03t: 

44.422 
45.808 
41.1'15 
48 ~ 56 1 
49.968 

51. 3'5 ~ 
5? 742 
5 .... 130 
55 ~ 517 
56.905 

5B.29? 
59.681 
61.069 
62.'.57 
63.846 

65.234 
66.623 
68.0t2 
69.400 
70.789 

72.17E 
13.567 
74.QS.t 
76.345 
77.734 

- 48.643 
48.eOl 

- r.6.9ot-

49.143 

- 49.737 
49.960 

SO .196 
- 50.44-9 

5().7z;:> 
')1.016 
51.331 

- 51.669 
52 ~ 034 

- ~2.42" 

- "2.S45 
'53.300 

-:;-:1.191 
54.)34 
61.236 
61.601 
6}.970 

- 6? .343 

b3.876 

- 64.268 
64.664 
6">.062 

- 65.464 
65.869 

- b6~277 

66.687 
67.099 
67.515 
67.932 

68.351 
68.773 

- 69.196 
- 69.621 
- 70.047 

70.4-n 
- 23'5.87 .. 
- 236.372 
- 236.877 
- 237 .367 

- 237.904 
- 238.426 
- 238..953 
- 239.485 
- 24-0.023 

Dec. 31,1'373 

.1(;r 

47.l59 
- 46.280 

49.212 
49.977 

- 49.990 
50.685 
51.331 

- 51.945 
- 32.533 
- 53.101 

53.649 
- 54.177 

54.6~1 

- 5':. .187 
55.667 

- 56.132 
- 56.581 

57.014 
- 57.432. 

57.335 
- '58.7.23 

'58.5 Q ') 

58.'149 
- 59.288 

59.610 
- 59.912 

60.199 

- 60.463 
60. 7! 0 

- 60.820 
- bO.798 
- 60.763 

- 60.71i 
60.659 
60.590 

- 60.508 
- 60.415 

- 60.309 
60.194 

- 60.061 
- 59.932 

S9.7a6 

- 59.626 
- 59.462 
- '59.282 
- 59.0';11;1 
- 58.901 

- 58.693 
5A.479 
~B. 2':l"i 
58.027 

- '57. 786 

- 57.534 
- 55.226 

51.741 
48.259 

- 44.758 

- 41.253 
- 31.719 
- 34.209 
- 30.676 

27~l31 

Nb0
2 

f~Kp 

! NFINI TE 
10'>. '>11'> 

53.711'> 
36.634 

36.418 
27.693 
22 .437 

16.921 
t6.402 
\4.506 
13.028 
11.840 

10.866 
lO.05t 
9.3'58 
B.763 
8.244 

f.rtlS 
7. "3133 
1.022 
6.697 
6.403 

6.135 
5.890 
5.664 
5.456 
').263 

SeDSZ 
4.<;14 
4.747 
4.582 
4.4.21 

4.2el 
' •• 143 
4.013 
3.889 
3.773 

3.661 
3.556-
3.455 
3. J59 
3.267 

3.178 
3.094 
3.013 
2.935 
2.861 

2.78'1 
2.719 

2.52.0 

2.465 
2.321 
2 ~ 134 
I.Q53 
1.179 

t.610 
1.447 
1.289 
1.136 

.986 L
;~gg 

--------' 

NIOl3TU~! DTOXIDe 011-;°2) 

?Olllt: Group [C;", J 

">298. :: [5:'.0: -:: 2.nnJ >';Lbbs/nol 

SrC')iHid State 0ua:1tu'f'\ '~eig~t [21 

(TDr.!\:. GA.';;;) ~T'} :::; 124.9052 

I~l!f~= _G7.? ~ S.Okealf:nol 

Jllf;~8.15 :::; -1l7.'1 ': S.CJ keal/mol 

\rib~'ationiil fr8']uenCtcs: ~JlrJ DeP:enc ..... <1cl .. ;i 

UOr'lC Dist,lnce: [1.591] ,,\ 

~!'l_~_' 

[97') J (1) 

[Jnn) (1) 

[91'1) {U 

:;::u::r.;~;:th~l~:~'~nt of InertLl: T.Il.[3TC = (4.3~3 x 10-115 J p;3cr~5 
!teat of formation 

Shchukarev et: 0.1. (]:-.:t) ",-€asured tho: vapor pressure:o: of' tibn ilnd NbO? over Nb'1(c, C) i1nd t.'b'/;>(c, n by the efFusion method 

coup1ed wi th a rna: spectrometer. An an,llYc,i:l of 

~~~<2~_-0.!! 

f,) 

2t'b0(c) 

?N'b0(t) 

:<.)ncre. K 

} 7'/3-2175 

217:'-?473 

1773-2210 

?2In-2IP3 

tIle repoT't\!d s!Ilooth'!!d re~:ul1:s 

'"lHr?99' r:c-l1/rnol 

Jnd Law 3rd Law 

142 _0 

1/4.2 

1ll7.8 

119 _ 7 

ll~ "1 • 'j 

12.1.7 

1119.9 

111.1 

is f)resented in the follo',.,.bg tdble (~). 

Dri.'"t Mlf29IJ , kr:a.l/mo1 

(j.S9 

-0.72 

1.:)3 

2nd 1...:1.w 

-liB .0 

-LlG.8 

-52. B 

-1<.1.3 

:?rd Law 

_46.6 

_46.3 

-50.7 

._49.9 

"]02 2dopt -4:.S 5.n kcal/D'Dl. This v'l.lue is an averC1."!e v'l.lue of tlh~ '!nd '1nd 3rd litw re~;lllt:; for the 

The val:J.e 

of NbO:. 1'his ,;doptl:!r] f\Hf?03 value lead:; to 

1.83 t!mes as s;reat as ":he dissociation enero;y of Nbo(:d 

1!,.73 elf for the. proCeSs Nb0/p;) = ~o(~> + 2 J(g). 

e'l, 3,1. 
e<lr-lie1' less C01'lp1ete s'tudies by Shchukarev e1: 03.1. (1-_~) ar~ in fnil" ar:reenent ·..;ith 'the abov~ eonc]u:.ions. using a 

'l1<1ti,llm ~!.r'ip ,:0 v<t[>ot'i".~ Nb'J 2 {C!) in ,1 mclSS ,,~e('trV)rn~""e~ at tf:mperdtUf'''S ':"If Lin') 't(l 18°1) K, Shchu~:arev et '11. (1) reverted a 

~e:cond law s:..1bLimation heat. '" 1::2 ! 3 kcal/mol. Usin~ 'luxili-1T'\' dd't<3 (.§.), ',Je calculate uHf 29S (Nb()7' e) = -38.8 kcallrnol. 

Thp. mas:; spectI'cm".!tr'ic 0+ the NbO(c) e'h1por>dtion by Shchuk,H'€V e't ,'11. (2) led to d rp.po:-'1:ed value 'Hlr;SI')O :::; 140 _~ 3 

.'<ca.l/mol for the procE:SS 2 ~'bO(c) Nb(c).j. ;\b0?(p;), Usin<>; auxi1i<Jr'Y d<'l,ta (.§.), we c.,1cul,\te :::; -53.3 kcal/mol. 

~bO, press:.<res were oDtained (1938-1122 K) by the dif"fer<:!ntldl efFusion m8,t"lOd usin~ t'!-ie (J). The 

pressures agre8 within S~ of t'hose obtatned in the more c0r:1?let"e stu·1y (~). Golubtso\' et cli. (~) db;o r<tea~,\Ired the vapor pressure 

in the rClnge FI89-19r')5 K by llsing lcl~el]8d -\to::IS in 2. Knudsen cell. The sa.'1'.e authors also studied the 

of tJ!.;"O .. in vacuo in the ran~e l432-17SE K, the process beinr;. Nb 2 0 5 (C) -> 2 llb0 7 (g} .j. 112 'J2(~)' 'The;;€' latter catd 

(~) dre not considered. 

He.flt CilD.1city and Entropy 

TIte vibrational frequ~ncies and r;eO'1let:ry of are esti'~'lted based on existin~ und estimat,~d d.l.td fo1" rel.,.ted metctl 

dioxides silch as Ti'J 2 (g), 'I'd0 7 (g), dnd "J02(~) (~). Th(~ Nh-Q b0nd distance is i1s!jumed to be the saMe as in NbO('S) <£). The 

ground state quantum \.;eight of '} is adopted so as to be consistent with 1'uJ)2(g) (l'." 

'R.e feren<."es 

1. S. A. <;hchukarev, G . . f>.. Semeno'l, and K ... rrantsev~, Russ. ~. Ino!",,:. Che"i'l. ~, 1.217 (1959). 

2. S. A. ShchukarelJ, S. A. 'Semenov. and E, fraT1'tseV3., Tzv. V:,rsshekh Uchebn. 7~J.vedenii, Khim. Khim. Tekhnol. ;2, 6S1 (1952), 

3. S. A. Shchukare''', G. A. '>el:1enOV, and K. r:. ;r.l.ntsev<3, rok]. Akad. N:wk S"<::'lZ 14S, 119 (1962L 

4. s. A. Shchuka1"'8V, G. A. Semcno'J, and K. 1:. Frar.tsev'l., Russ . . T. ,nor''!:. Chern. 1-.1,129 (1966). 

5. T. '.1. Golubts:l". 
Che.m. Abs tr. ~; 

, and V. K. C;hiry<"ev, Iz·!. Vys:;ihekh Ucheb. Zavecienii, Khim. i Xhim. Tekhno1. 1,571 (1960); 

Fi • .JMJAF· Therrnochemic:Ll ~'l.bles: NbO?(c), I·TbO(c, :;), llhCcJ, Ta.O?(e), anr:! 1i0?(:;), 12-31-·13; "iO'2C;;), 9-30-G6, 
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rJ l i~b205) ~ niobiul1 P~;rjtox i j~ 
,.. 

~"C:"'i 25'5. clO':JD ~ 
c a 
Q --J!ibtY../rnol---_ ---____ kcal/rnol 

- T, vK Cp~ s· -IG'-H"2$ti)(f U"-I-I":£';" .1.Hr' 

< 
!!- 0 .0uO .000 iNj: I/'OJ TE - 5.327 - 451 ~629 

100 13 .0)15 8.202 56.222 4. tiDl 453 • .<'19 

.1>0 lOa 2S~ 316 21.396 15.')32 - 2.i.l27 - 45}~9ij6 - 298 31.546 32. S 1 ~ 32~ 815 .OOQ - '.54.000 

Z 
lOD ]1.625 :31.010 32.d16 .05:1 - '.53.996 0 
4UO 34.6':>4 42.5t>6 34. ;)98 3.3il1 - 451.623 
5UO J6.169 ')0.5>£, 36.6 to &.96~ - 4')3.061 

38.417 ')1.392 39.516 10.125 - 452.3S8 

-0 3 .... 0 7 8 1;3.413 42.51)8 U •• h31 451 ~663 

..... 40.&40 b8.776 45~ 463 18.6':1[ - '>50.913 
111 900 4, .)7 ... 73.601 43.326 22.753 - 450.1("') 

1000 41.946- r7. "19 T 51.J71 26.92» 44~e403 

1100 <,2.390 82.017 '.'L 1C9 31.138 - 448~ 639 

1200 1.,2.11.,1 B5~ 72 I 56.a" 35.)95 - 441.B66 

UOO 41.0 19 d".153 58.627 39.oB3 - ",lo7.096 

11.,.00 43.241 n.'49 bO.'l23 43.991 - 446. )3') 

1 ~oo 4~.,q9 9'>.33'1 03.119 48.BO - 445 .~a9 

}bOO 43.'562 98.1'·t;. 
1100 43.677 lOO.NO 
180'0 ----4-3-:769- -10"3-:290--
1900 43.842 105.658 
2000 43.QOO 107.90R 

nOD 43.944 110.051 74.540 74.574 - 441.133 

nOJ '03.970 112.097 76.201 71::l,970 - 441.245 
.!JOO 44.003 U4.052 1, .804 D3.3to'" - "<'0.812 

J,(;r' Log Kp 

- 4,1.629 i ejF IN irE 
- l.,43.u92 'l68.31S 
- l.,j2.590 472. liz 
- 422 .06~ 309.3dZ 

- 421. 811 1 307.3J{) 
<tl1.206 724.672. 
400.664 175. iJC 

J9u.2'.o 1'.2.147 
J 19. 940 118.625 
)69.1';.5 l:)l.OL? 
J.~9. o '.it, b 1. 336 

- 349. 6.3~ lw. 4 13 

- 33'9.6"1 67.4QZ 
J29.!l2b 60,Qo'l 

- 320.1120 ~d.;iOU 

310.275 48.436 
- 30n .~Cl.? 4)./<;5 

?4).30S 2~. 321 
-- d3.570 23. 

224.455 21. 

-, 

:)nIIOBTUl-! PINTr}XlDI 

13, 

1 ~ . 
lE. 

s; 9 J _ 1 ~ :< 2, a::' : v 
I'm ;; 1785 ~ 30 

ion for' the neilT of 

!Ol'C;:'OV" Jnj Get3ki'l<.l 

)-lor-azovCl .):olyilr,,",vd. C§) 

(2) 

.1n0 ":cl '(J 

0t ,]1. (~) 

"t ai. (!.'2) 

'hIII,e 

Gn~ ..= 255.8098 

d-lfO -451- (, : 1 kc"d/mol 

15 = _ySII.O ~ y.cal/mol 

.92 ~ :::l,5 kcal/mol 

01 trle sa.mplec:; employ<!d 

(_,I), S-:.J.ttvr ~n following 

I::..l:!.i.s:2_.?~J T_ .!:L.L ~ 

09 . I~ ';) 

S'9,I:J 

~ 9." 5 

,117 

_4·i_'J:i.3S 

'".7 

13 

994399,96 

I.:; 9. C' ~ U _ 7 .... 

_45 11 ,,) ~ 0 . G" ~ 

-472. ii '1,0 

_""54. B'O_8 

_1158 

-4:; ~ , 1 ! U 

_4~4. 4 -1. i.J 

_'-I S 3 _ ~ • (~ ,II 

_11:'3 

_!155.<I 

:01 

dfl oxygen conc<:,n'tCd--

r. ~nd litt(,d the d<l1:o.l 

!.~,~o.:; u red 
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Diniobium Pentoxide ( Nb205 ) 

i d) GFW = 265.8098 

----~ibtw/mol---- kcal/moI-
T,'l( CpO S' -{GO-lf"us)/T HO-H~DH ~Hr .1Gf' Log Kp 

a 
100 
200 
298 31$'-''''6 40~987 40~q87 .000 - 437.589 - 408.090 299.138 

300 31.625 "'le 182 40. ':lS7 ~ 058 - 437.58S - 407.908 297 ~ 161 
400 Hot-54 50.738 42.210 3~381 - 437.21l - 398.0b4- 211.492 
500 36.169 58.101 44.782 6~ 963 - 't3th650 - 388.339 169.743 

600 38~417 65.563 47.687 1.0s 125 - 435.<Hl - 378.138 131 .. 955 
100 39.618 71.584 50- 680 11-.633 - 435.252 - 309.256 US.ZS7 
800 40.640 76.948 53.6034 18.651 - 43't .. 501 - 359. au 98.315 
900 <\1.316 Sl.719 56.498 22 .. 753 - 433.754 - 350.591 tiS. Dr 

1000 0\1.946 86.169 '5<;1.249 26.920 - 432.992 - 341.395 74.612 

1100 4\>2.390 90.1 Be 61.881 31.138 - 432.228 - 332 .. 275 66.011 
1200 51.900 93.892 64 .. 396 35.395 - 4ll...455 - 3Z3e2Z1 '58.867 
1300 'He900 98.521 66.846 41 ~ 185 - 429-184 - 3L4~293 52.831 
1400 57.900 102. BIS 6ge 264 4b.915 - "26.946 - 305.541 47 e697 
1500 57 .... 00 1065812 71~636 52 .. 765 - 424.743 - 296.946 43 .. 265 

1600 57.900 IIOeS"q 13.952 58.555 - 422.578 - 288.491 39.407 
1.100 57.900 1l<\e059 -rth 209 64.345 - ~Z!1t4Ioq - 2aOeL81 36.02.0 
1800-- --'ff.-qaa --rf7:H.9-----fa-.-40S- ---70~-13-5 ---.:- 418e36S- -----i7f;~(jl----- 3-3-5-02;; 
1900 57.900 120."99 80.539 15.925 - 416.327 - 2b3.914 30.357 
2000 51 .. 900 t 23 ~"69 82.612 81.115 - 41'h335 - 255.947 21.969 

lIDO 57 0 900 126.Z'F. 84~ 625 67. SOS - 412.3~i. - 248.073 25 ~ 811 
2200 516900 128eqa8 86.581 93.295 - 410.509 - 240. Z'15 23.871 
2300 51.900 131.561 88.481 '19.085 - 4085685 - 232.600 2 2 ~ 1 02 
2400 S7~900 134~026 90 e 328 104. S75 - 406 .. 93<\ - 224.978 205481 
2500 57.900 1.36~389 92.l23 110 .. 665 - lt05~2b6 - 211.431 19.008 

2&00 57.900 l38~b60 93.870 llb.4S5 - 403.686 - lO9.952 17.648 
2100 51.900 140.845 95.S69 122.245 - 402 .. 211 - 202.528 L6.394 
2800 ~1.900 142.951 91~ 2Z4 128 .. 035 - 411~"63 - 194.926 15-215 
2900 57~900 L44.983 98.836 L;3.a25 - 411 .. 643 - tal.1S1 14.104 
3000 57~900 146.946 100~ It 07 139.615 - 409~835 - 179.441 U~01Z 

3100 51 ~900 148.844 lOl .. 939 145.405 - 40a.038 - 111.789 12.111 
3200 51.900 150. bel 103.434 151.195 - 406.253 - 164 .. 200 11.214 
3300 51·QOO 152.464 104.893 156.985 - 404 .. -478 - 156~666 10 .. 376 
3"00 57e900 154.193 106~311 162 .. 775 - 402.715 tt.9.182 9.589 
3500 51 ~ 900 15~ea71 101.70'11 168.565 - 400.960 - Iltl.753 8.851 

3600 51.900 157.502 lO9~070 114 .. 355 - 39g e 215 - 134.368 8.151 
3100 51~900 159.088 110 .. ",00 lao. 145 - 397.480 - 127.035 7.504-
3800 '57.900 160.632 111 .. 102 18'5.935 395.153 119.146 6.587 
3900 51.900 162.130 112.976 Ula 125 - 394.033 - 112.511 6.305 
4000 57.900 163 .. 602 114 .. 224 197 .. 515 - }<12.323 - 1050316 5.754 

41ao 57.900 16Sc 032 115~ "45 203.305 - 390.620 - 98.159 5 .. 232 
4200 57.900 16ft.lt27 l16 .. b43 209 .. 095 - 388 .. 923 - 91.049 4.138 
4300 51.900 167.790 117 .. 816- 2llt5585 - 387.233 - 83 .. 969 10 .. 2.68 
4400 57~ 900 169.121 llS .. 961 220~615 - 385.550 - 76.942 3.822 
4500 51.900 110.4Z2 120 e 096 Z26e 465 - 383.813 - 69.945 3.397 

4600 51.900 111 .. 695 Ii Ie ZOIt 232 .. 255 - 382 .. 200 - 62 .. 980 2.992 
4100 57.900 17l 0 <J40 1.2la292 238~045 - 38Q.535 506.061 2.601 
4800 57.900 174.159 L23~ 360 .243 G 835 - 378.813 - 49~113 2.239 
4900 57.900 175~ 353 124 .. 409 249 .. 625 - 377.215 - 42.332 1.888 
5000 57.900 176 .. 522 1.25 .. 4)9 25S,,'H5 - 315.563 - ]5& 510 1 .. 552 

D"c. 31, 1972 

Nb 20
5 

DTNIOBIUM rl::N'IOXlDE {Nb
2

0
S

) (LIQUID ) GfW .= 265.8098 

S298.15 40.987 gibbs/mol t.:,[{f;98.IS -437.589 kcal/mol 

'I'm :0 1795 '! 30 K l\l-lm~ 21J..92 a.s kcal/mo1 

Hcat: of Formation 

The heat at 298.15 K :is c,:l.lculat"d from th~l.t of the cl'ys't.J.l by a.dding lIHm and the differenct! 

between Hi78~ - liigS fo'!' 

Hea't Capdcity a.nd Entro12Y 

Orr C]J ..J.fld G~l'd dnd Kusenko (f) reported enthalpy mto'asurements at temperdtures gredter tha.n Tm, The WOI'k of 

Orr (.:!:.) indicates a Cp valUl~ of 57.90 gibbsimol based on 'two enthalpy points in the liquid region. The three 

enthalpy points of Gel'd and Kusenko (,?) deviate by +O.06't, -O.S6~, and -0.37~ fr-om the linear representd'tion of 'the Orr 

data. Thus, 'the constdnt Cp valUe of 'J7.90 gibbs/mal is chasen for the liquid phase. A f,ld5S transition is .1150 chosen 

at: 1200 K so as to insure the proper tht:rmodynamic !'€lationship between crystdl values ."nd extrdpolated liquid value. At 

'tempt:!ratur'es below 1200 K, the heat capacity values of the crystal are used, Thc: entropy at 298.15 K is calculated in a 

munner andlogous to that used in calculating th~ Ileat of forma'tion. 

Melting Ddta 

The entnalpy work of Ol'I" (!) and Gel'd dnd Kusenlfo (2.) prOVide information as 1.0 the heat of fusion, The heat 

capacLty discussion for (c) and provide details as 'to the fitting of the data in the crystal dnd liquid 

regions. The heat of is then to be LIHm 24.31 ~ O.S kcallmol ae a melting point of 1785 K (H
I7BS 

- H
298 

-=- -60.759 kcal/mol for the .::r'Ystal). Thi~ mel'ting point, although it is consistent with the enthdlpy work (1:, ~),'is 
21 K gr8ater than the value roeportec'. by Holtzberg et al. (1) and is great<2'r than most Tm v",lues cited by Chclrlesworth (:±) 

anC Schneider (~). Reisman and Hol'tzbel"g (§) attributed thi;:i higr. value of 1785 K to an impure sample. The melting 

point, Tm, is chosen to be 1785 K st:ri;.:t:ly on the basis of being consi:;tent with 'the two sets of enthalpy data. More 

datu. is nec::essil.r-y'to accurately define consistent yalues for Tm, c.lim e , al1d enthalpy vahws in the liquid and crystal 

N~g Lons. 

Reference,!! 

1. R. L. Orr, J. AIM!."'. Chern. Soc, J2. 2808 (1953), 

2. P. V. Gel'd and F. G. Kust!:nko, Izvest:. Mad. Nallk SSSR C.T.N. Met. i Top. :l:~!.2 (2). 79 (1960); CA 22,16117 (l96U, 

da'ta extracted from the following: Ya. T, Ge:rasimov, A, N. Kustovnikov, <~nd A. S. Shakhov, "Chemical ThermodYnamics 

in ;ionfeTrous l1etdllur'sy,H Vol. 111, Israel Program foI' Scientific Translations, Jt?!'usalem, 1965. 

3. f. Holtzberg, A. Reisman, 11. Berry, and M. Berkenblit, J. ArneI', Chem. Soc::. 21. 2039 (1957). 

4. J. H. Charlesworth, PSML-TR-70-l37; October, 1970. 

5. S. J. Schneider, Natl. Bur. Stds, Monograph 68, Oct". 10, 19&3. 

6. A. Reislltdn and 1'. Holtz,berg, High Temp, Oxides,£. 217 (1970). 

Nb 205 

.... » z » 
"TI 

.... 
:I: 
m 
;lei 

:: 
o 
n 
:I: 
m :: n » ,... 
.... » 
I:lIlI ,... 
m 
~In 

oQ .... 
VI 

In 
c: 
"1:1 
"1:1 .... 
m :: 
m 
Z .... 

..... 
W ..... 



... 

... 
-::r 
-;; 
n 
-::r .. 
? 
:a 
~ 
CfI 
II :;; 
< 
~ 
.~ 

Z 
!> 

0() 
"I 

'" 

Oxygen Monatomic (0) 

(Ideal Gas) GF\IJ = 15.9994 

~~~~gibbsfmol kcalimol-~~~~ 

T, OK Cpo S' -(C~-HOu~)rr H"-H"ZlR AHf' .1Gt> ~ Kp 

lJO 
2JO 
298 

30C' 
400 
SOC 

oJO 
fOC 
80(1 
900 

l00e 

1100 

2<IJO 
30JO 

.3100 
.1;::00 
,3,)C 
V.J0 
'1"";0 

3bUU 
37GJ 
..ldJr.J 
3'JOw 
'.000 

4100 

",eou 
49,':;..) 

")OJO 

51JC 
';2JO 
5300 
',,400 

"'-'00 

:'600 
'J70() 
~800 

::>.'.J', 
'.>.{'H 

5.21 .. 
5.134 
".i.GSI 

?C'"'' 
').i"..zq 
').01 '-' 
5.001) 
' •• 9~'~ 

, •• r,d6 

'.')0':' 

' •• '1112 

;.':ta':, 
... 07"; 
"'.97;; 

... ·;13 
4.-;rs 
' •• ')I3J 
4.')b! 

4.\1'\3 

.... ·Ilio 
4.-014.,) 

I • • '}'J ~ 
').j'; 

,-,.GIG 
..,. ~ _ l 

"-"''':'' 
? .n: 
'>.)<>1 

'>.:J;» 
,;>.06) 

" 

',.Jll 

;. 

s. ~ 1 r 
~. ! ','I 

~.ld 
").17:, 
').:,1(' ,. \-) ~ 
';.21') 

:'.21.2 
'j.2:!' 
j.t",,, 
'). ;~? 7 
',.21,,/ 

').?d..j 
5.2,11 
"l • .}J2. 
") • 3 1 ~ 
J •. ~ 2 \ 

.Joe INfIN[TE 
32.46': 4;4265 
36.330 J8.-J51 
38.4('1 35.467 

J8.·.9<; 
3'1.990 
1.1.129 

'.2.053 
42.>j29 
43.500 
44.J90 
(,,4. il I 7 

45 • ..193 
45.527 
4'5.927 

4~,.96 i 
41.263 
47.548 
47.017 
4d.O '2 

43.:3[ ) 
4 ..... 5'.7 
'.'i.lt.!\ 
48.')dO 
4':/. :':l3 

49.;N 
,<'1.'-'(.( 

4'1.-!49 
40 .... 2'. 
';0.094 

'::>0.250 
<::0. e.,.i1 

S').[!68 

I" 
'1j.28J 
'>;'.41'> 
:, 1. ~t.4 

,l.bro 
51. i'l3 

52'.1'.7 

'>2.<'flO 
?2.5H 
52.0'1"3 

1>" 

'>1.'1<';1 
53.09") 
"'-1.1',2 

5 ~. 2 d7 
53.3d0 

J8."67 
3'01 ~ 671 
J9 ~ )53 

39.'.79 
3':1.903 
40.312 
40.699 
41.065 

41 
41. 
.. Z.04) 
42.333 
42.609 

42 • .:Hl 
43.121 

3,)'1 

43.d;)5 

44.')[4 

44." ~4 
4' ..... J8 
44. ';9 /, 
44. (73 

4' •• 947 
.. 5.114 
45.217 

46.154 
4(-.,!8i 

<o-u.'d6 
{.6. )42 
lob. ->05 
4b .ld:' 
46.'iCJ3 

47.117 

47. '.52 

4 r • oj:'", 

<. (. 057 
47. (56 
4' .d,4 
41. }':tU 

">"1. )44 

4l:J.136 
loll. 227 
<'B. j] h 
40.'·Q/, 

48. 4 '1e 
413. ')75 
4d~ 0:"'1 

48. (41 
1.,8.;:122 

1.607 
- 1.080 

.523 

.000 

~ 010 
~ 528 

1.038 

1.54', 
2.0413 
2. S50 
3.0!:>1 
3.552 

').540 
6.046 

6.5'.4 
7. ()42 
-, ~ 54 0 
1:1.0)$ 
8.535 

9.033 
9.531 

11.02'; 

11.524 
12.022 

522 

3.:'21 

14.022 
14. ~23 

15. 
16.0 )2 

16.537 
11.J42 

'544 

Id.5o:-

?O.J47 

125 

21.640 
lS7 

23.19.ft 
21.714 

24. 
2:;..2t'U 
25. dOB 
2b.3:.i'" 

2/).362 
27.3')0 
27. '120 
2tl.4':.11 
28.983 

53.983 
')~. 

;,9.5:;;6 ,". 
-)'1.992 
oJ. 1;)7 
60.210 
o'J.304 
tlO.]9l 

60.411 
6J ~ ;'46 
60.611 
6:).083 
~O. !46 

60.916 
:.;0.'<66 
61.014 

6 t. ~ ~9 
61.101 
61.141 
oJ. 

" 
61.245 
0\ 

01. ;'23 
1:>1.3;'i 

61.374 
61. ~9" 
61.413 
td ./.30 
.::>1 .',4 f 

61.463 
01.',77 
e.l.491 

.517 

(d.529 
:.> 1 • ~4Z 
01. ,,::'4 
,,1.565 
1)1.'.>1" 

6 • '.,,8':l 
.601 
.61, 

58.983 INFINITE 
51.967 - 126~ 130 
56.727 - 61.988 
'j5~3b9 - 40.601 

55.363 - 40.332 
- 2.9~472 

- 22.9)9 

50.990 -
4~.481 -
l+7.95:' -
46.417 
44.810 -

41 
40.182 -
38.607 -
37.02rl -

13.101 
11.272 
9. B06 

8.606 
7 .. 604 
6.755 
6.027 
5.395 

15.445 - 4.842 

30.675 -
29.079 -

27.482 -
75.882 -
24.Z80 -
22.6H -
21.071 

19.465 -
17.d'Jb -
16.L~0 -
jf+.041 -
l3.J30 -

11.419 -
9.807 -
8.1,>4 -
6.581 -
4.967 -

3.354 -
1.7 t.O -

.126 -
1.490 
3.10& 

4,721 

12.803 

4.353 
3.918 

Z.800 
2.571 
2.307 

1.636 
! 0446 
1.268 
I ~ 103 
.949 

~BO:, 

.6-(0 
0'543 

.204 

.103 

.007 

.OS4 
v 170 

.252 

.330 

.404 

.475 

.543 

vo08 
.611 
.730 
.168 
.3'.3 

,,~.65~ - 20.393 .895 
.946 
.995 

1.042 
1.08B 

u .066 
.t.>tl0 
.645 

" .71 i 

o 1 ~ 726 
6i.743 
61.160 
'oL.71.9 
6t.79{;' 

I 
- 25.751 

n.36<;; 

28.990 
30.611 

- 32~229 

33. 6~1 
- 35.471 

1.754 
t.2'12 

Ji.lne 30, 1952; JI.l:l.e 30, 1971.: 

o 
OXYG.EN MONATOMIC (0) 

GroW1d State Configuratior. 3p 2 

5298.15 :: 38.'167 ~ 0.005 gibbs/mol 

Heat of Formation 

(IDEAL GAS) 

Electronic Levels and Quantum Weights 

State 

-,,;-., 
3p 
3 1 
Po 

'D 
,2 
~SQ 

1 
~ 

0.0 

158.5 

215,5 

15867.5 

33792.1.: 

~ 

GFW :: 15.9991~ o 
~HfO 0: 58.9B3 .t 0.024 kcal/rool 

~Hfi98.15 :: 59.553 :!: 0.024 kcal/mol 

liEf" is the value adopted by the Committee on Data for Science and T'O!chnology (CODATA) of the Internationdl CO'Wlcil of 

Scientific Unions (!}. The adopted value for I1Hfi9aCO, g) wdS derived using DOW,) ::: 4}250 ! 15 CIll-
1

{1l7.9i' .t 0.04 kca1/llloU 

from Brix and Herzberg (~). The products of dissociation were assume.d to be 0 atoms in "their ground states. This calculation 

is discussed by Gaydan (1), The adopted i'.HfQ value differs by 0.005 kcal/rnol from the previous JANAr v,llue (§). 

Heat Canacitv and r.nt!'Qp-{ 

The electronic levels foT' OCg) a.rE: those given in the compila.tion by Moore (~) und reevaluated by Sitterley (2)' We do 

no"!: include the levels which lie above 73000 cm- 1 as they do not contribute to the values of the ther'modynamic functions 

below 6000 K. The calculated value of S298 a.grees with that adopted by CODATA C]J. The 3 298 vdlu~ is 0.001 gibbs/mol less 

thi!n the previous JANAf value CE). 

Re fel'enCeCi 

1. ICSU-CODATA Ta.sk Group, J. Chem. TherJ:\odynamics ~, 331 (1972). 

2. P. Brix anG. G. Herzberg, Can. J. Phys. 11., 110 (1954). 

3. A. G. Ga.yden) "Dissociation :F.ne.rJ;l(!s and Spect:-'a of Diatol1",ic Molecules", 3rd i:!d., Chapman and Hall Ltd., London, 1963. 

4. C. E. Mo'.:-!'e, U.S. Nat"l. Bur. Std., eire lj67, 1949. 

5. C. M. Sitterley, Private Commun:Lcdtion to CODATA, 1970. 

6. JANAf Thermochemica.l Tables, NSRDS-NBS 37, June, 1971; O(g) table dated J'..ln\! 30, 1962. 
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Str()ntium Oxide (SrO) 

GFv¥ = 1 

~~~~J!:ibbs/mol~~~-. 

T, 'K cp' S" -i(;"-If'2!lPI)rr 

.000 .000 INF 1M I fE 
100 5.963 3.64) 21~956 

200 Q.658 9. 162 14.231 -
2" 10.853 13.270 BellO 

'00 10.870 13.337 13.270 
400 11 .~37 16.509 13. lOb 
500 12. 078 19.210 l4.'55L 

600 12.440 21.446 15~ 518 
700 12.730 23. Hob 16.'>07 

'00 12.978 25.102 17 .476 

'00 13.198 26.643 18.410 
lODO L3.4Q2 28.04'; 19.305 

llOO 13.593 29.331 20.156 
!lOO 13.176 30e 522 20. '113 
1300 1 ).953 31.631 21.151 
1400 tit. 126 U.612 22.494 
1500 14.295 33.652 2 ~. 2. 05 

1600 r ..... 62 3"1. sac 21.888 
1700 14.627 35.462 2' •• 543 
1800 14.190 36.302 25.173 
1900 llt.952 31.106 25.180 
2000 IS.1l2 37.817 26. ]66 

2100 15.212 38.619 26.93.2 
2200 15. t.3l 39.333 21.419 
2300 I '.i. 590 40.022 28.010 
2400 15.748 '00.689 28."2't 
2500 l5 .. 906 41.335 Z9.024 

2600 la.Db;' 41.902 2<;~ ')09 

2100 16.220 42.511 29.982 
2800 loo 376 43.164 30.442 
2900 16.5H '43.7(t1 
)(fo-u-- --[6.-68~----44-;'YD-4--

30.S'ill 
31:329 

3100 16.845 44.854 31.1"6 
3200 11.001 45.391 32.l14 
3300 11.157 45.'H1 32.582 
3400 17.3D 46.431 32.982 
3500 l1eitbS 46.'B5 33.H4 

3600 11.624 47.430 33.157 

kcaUmol 
H~-Hgltllll ~Hr' OGf' lAg Kp 

2.013 - 141.016 141.016 INF INI iE 

1.831 - 141 .. 441 - D'i.135 304.080 
1.014 L41.501 - 136.lIZ 149.'t57 
.000 - 141.500 - 134.424 98.536 

• 020 U,1.498 - 134.381 97.896 
1.145 141.388 - 132.024 72.134 
2.330 - 141.268 - lZ'}.b96 50.690 

~. '55b - 1t,.1.161 - 121.393 46.403 
4.815 141.062 125.105 3<;.05'1 
6.101 141.043 - 122.826 33 .')~'j 
7.410 - 141.218 - 120.533 29.270 
6.140 - 141.202 L 13 .236 2'5e8"0 

lO~OqO - ltd.095 115.830 23.013 
Ll.456 - 142.9'ill - L 13.356 20~645 

12.9 .. 5 - 142.813 - 110.891 16.642 
l4.249 t"'2.Hl - 10B • .,,36 l6.92B 
1':1.61Q - 142.595 - 10~.990 15."t43 

17.108 - H2.436 - 103.555 14.145 
16.562 - L '4 • .:136 - 100.225 12.B85 
20.033 114.308 - 9'5.851 il.638 
21.520 - 113.768 - 91.'507 10.526 
23.023 - 173.J17 81.192 <;1.528 

24.5,,2 - 112.&56 - 82: ~904 S~6lB 

2b~ 078 - 172.085 - 7fj~ 644 1.813 
27.629 - 111 .506 - 74.410 7.011 
29.196 - 170.921 - rO.200 6.393 
30~ H8 170.333 - 66. 017 :5e 171 

32.311 - 169.140 - 61.855 5.1Q9 
33.991 - 16<;.149 - 57.717 4.672 

35.021 - 168.S60 - 53.600 4.184, 
37.266 - 1,H.'17tJ - 49.505 3.131 

- :fa-;9it -- -- -EY.40-0----:- -45:429-- -- --3-.-310 

40.604 166.s:n - 101.372 2. 'ill 1 
42.2'9ob - l66.219 37.335 2.550 
4 / •• 004 165.740 - :H~314 2. .206 
45.728 - 165.220 - 29.309 1. S84 
41.461 - lb4.7L9 - 25.320 1.581 

4q~ 221 - 1010.241 - 21.343 1& 296 

STRONTIUH OXIm.: (SrO) (CRYSTAL) GN 0 103.61" OSr 

S298.15 .:: 13.27 ": 0.1 gibbs/mol 

I\JEO = -141.0 '! O.B kcal/mol 

uHf;98.15':: -141.5 !: 0.8 kcallmol 

7m 2338 ~ 20 ;' lll-lm ° (18) kcal/mol 

I)f!_~~ __ ~f Jormation 

(lHf e is from HBS Tt:chnical Not:e 270-6 (~). The adopted value was derived (~) fr-om hEf" .:: -198.1 kcal/mol for 

SrC1
2
(c), of SrC1

2 
in IlC1(dq), and calorimetric data for t.l-lr of SrO(c) + (x+2)HC1(n H

2
0) + [SI'C1

2
(aq) + H

2
0(aq) 

t x IiCl(n' Da:ta of Adami and Con'di.!Y (]) yield L,HfO(SrO, c) .:: -141.3 kcallmol, while those of Honaenkova and 

Vorab'elJ yield -141.7 kcal/rnol. flidlider ,?t: .11. (~) derived -140.5 kcal/mol fr-cm their (unpublishe.d) data for 

SrO(c) ..J.nd similar measurements foT' Sr(c) by Gunt:z and Ben.oit (~). Brisi and Abbat:t:ista C.Z-) omit the mole rati05 

necessaY'y for treatcrent of their d<lta, but dn a?pro:ximate calculation ~;ugges't$ consistency with the adopted value. ~'Ie 

omit from this discussion the early data which Par}:er (!., ~) reviewed in selecting the ddopted value. 

Direct measur"men'ts of oire of Sr(c) by Mar. (~) g<1.V8 _11l4.4l; = 0.4 kcal/mol. The negative bias of about 3 kcal/rno1 

presumably r-esulted from inadequate allowance for side reactions, e.g., with cowoustion products of Myl<'!.r' used to contain 

"the Sr. Parker C.£) noted that the cO~lbustion Vd]ue is incompatible with ddt-a. for SrC1
2

(c) and related compounds. We 

find that ,he coml:-ustion valUe is also less consist:ent wit:h equilibrium data for Sl':'Cl
2
(t and g). There i.s a simila.r, but 

much larger', discr''c:!pancy for Ba compou.nds (cf. BaO, crystal). Although irnpurity effects are of concern in all studies. 

th~ evidencE' predomindn:ly favors the solution calorimetry. 

L~~9_! __ ~i!E~~_i..!~X~!E.~.EY_ 

Cpo is based en data (l.4-310 K) or Gmelin (~) who re.ported smoot:hed values only in the range 4 LO 300 K. B4sed on 

Gmelin's gr,~phs, we have cCTT8c'teci several typCteraphical error:; ,lna resIT'oo"thed Cpo above 250 K where the scatter increases 

significantly. The entroyy is ob'tc.1ined by integ!':'a'tion of our adopted Cpo. using SO :: 0.0003 gibbs/l'lol aT. !j. K. Gmelin 

reported 5°(273.15 K) :: 12.40 ~ 0.02 gibbs/>::1ol compared with 12.J3 from our integration. Cpo da'ta (58-298 K) of Anderson 

(!..,g) are lower at all temperatures wit:h deviations r<'3.nging f!"om -4.7% {61 K) to -O.3t (223 K) and -0.7'!. (2ge iO. 

Cpo dbove 300 K is from t:ons'traineo fitt:ing of en-rhalpy data 063-1766 K) of Lander- (l]). The calorimeter (~J) was 

calibrated with Pt, but: details are lacking to ilssess the biils due to rrinor changes in the en't'halpy of Pt (~). Deviations 

of La.nder's data. from the adopt:ed cU'rve ranee from -0.7 to +1.1':;. 

Mel ting Datd - see SrO( t). 
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Strontium Oxide (SrO) 
(li i d) GFW .6194 

~~--gibbsJmcl---~ -- kcal/mol----~ 
T. oK 

o 
100 
200 
29B 

300 
400 
SOD 

baa 
100 
800 
900 

1000 

ltD!) 
1200 
1300 
1400 
1<;00 

160!') 
liDO 
1800 
1900 
2000 

HOO 
2200 
2300 
2400 
2~OO 

CpO 

1O~a53 

10.870 
11.581 
\2.018 

12 .. 440 
12.730 
12~ q1a 
13.196 
13.402 

13 .. 593 
13 .. 176 
13.953 
14.126 
14.Z95 

14.462 
L4.021 
14.190 
L4 s 952 
15. il2 

16.000 
16eOOO 
16 .. 000 
lb. 000 
Lb .. OOO 

so -(G"-W:$I'i)(f HO-WZ911 IlHI" 

19.323 

19.390 
.(:2.622 
25.263 

27.498 
29.438 
31.155 
32.696 
34 e 097 

35 .. 384 
36.574 
31.684 
38.124 
39.105 

40e633 
41~ SIt,. 
42.355 
43s159 
43.930 

44.7U 
45&455 
46 .. 166 
466841 
"1~500 

19.323 

19 .. 323 
19.759 
20 .. 604 

21 .. 571 
22.559 
23.529 
24.463 
25.357 

26.211 
21.026 
21. S04 
28.541 
29.256 

29 .. 940 
30.596 
H.22b 
31.833 
32.418 

32.985 
33.535 
34.069 
34.5S11 
3'5.091 

& 000 

.020 
t.145 
2 .. :330 

3~ 556 
4~a15 

6~ lOl 
1.410 
8~ 140 

La. 0<;10 
11.458 
12e 845 
1't.249 
15.610 

17.108 
la.562 
2Q~ on 
21.520 
23.023 

24.623 
26~ 223 
21.823 
29.423 
31.023 

123.63b 

- 123 .. 634 
- 12.3.523 

123.403 

123.296 
- 123.21S 
- 123e179 
- 123.354 
- 123~331 

- l256Z31 
- 12';0127 
- 125 e 009 
- 124~ 871 
- LZ4~731 

- 124.512 
- 156.972 
- 156.444 
- 1'55.90't 
- 155e353 

- 154.710 
- 154.075 
- 153.447 
- 152.829 
- 152.223 

J.Gf' 

- l..l8 .. 365 

- 118.332 
lli>.581 
114~ 858 

- 113.160 
111.411 

- l09~e04 

108.117 
- 106.424 

- 104.624 
- 102.15'5 
- 100 .895 
- 99. 04~ 
- 97 .. 2Q5 

'15.375 
- 92.650 
- 88. sal 
- 85~143 

- 81.433 

17.753 
- 74.10,," 
- 70~ 483 
- 66.888 
- 63.321 

2600 16.000 4adZe 35.S8l 32.623 - l51 e o29 - 59.776 
2700 16.000 oiie~ 732 36.0'56 34.223 - LSL.On - 56.154 
2800 16~oaO 49.314 30.520 35e823 - 150.'093 52.153 
2900 L6.000 4'9~ 815 36.971 37 .. 423 - 149.955 - 49 .. 272 
3ijOij----Y6-.-oo-6- - - -5 O-;411( -- --3"i.-,HO------n:-o-t)-- - -;::.- P;9:43Q- - -:..-- -4-5-.. -609--

3100 
3200 
3300 
HOO 
3500 

'''''0 
3100 
3600 
3900 
4000 

~100 
42.00 
4300 
4400 
4500 

4600 
4700 
4800 
4<]00 
5000 

l6 .. 000 
16.000 
l6~OOO 
16 .. 000 
16 soao 

16.000 
16.000 
Lb .. 000 
Lt:,~OOO 

16 .. 000 

[osooa 
16.000 
1b.OOO 
16.000 
16.000 

16 .. 000 
16 .. 000 
16 .. 000 
16.000 
16 .. 000 

50 .. 942 
51.450 
51.943 
52. 't20 
52 .. 884 

53 .. 335 
53.773 
54 .. 200 
54.015 
5'5.020 

55~416 

55 .. 801 
56. i 1S 
56.54~ 

56.905 

51~Z57 

57.601 
57.938 
58.268 
58 .. 591 

37.838 
38.255 
38.663 
39. 060 
39.4",Q 

39.826 
40,,199 
Ito. 5&2 
ItO.q 11 
4l~265 

41.605 
41.938 
"2~ 265 
42.586 
42.900 

~3~ 208 
43eHI 
"3~ 80S 
't4.099 
44.386 

40.623 
42.223 
43 .. 8.23 
45.423 
47.023 

48 .. 623 
50.223 
51.823 
53.423 
55.023 

56.623 
58.223 
5" .. e23 
61 .. 423 
6).023 

6.,. .. 623 
b6.2Z3 
61.823 
69 .. 423 
11 .. 023 

31. 1972 

- 148 .. 949 
- 148e 4S8 
- 148.057 
- 147.&60 
- 1 .. 7.298 

H&.974 
- 146. bS" 
- 146.4 .. 6 
- 146.2 .. 5 
- 146.088 

- l45. q74 
- 145.905 
- 145.8S0 
- 145.898 
- 145 ~960 

- 146.063 
- t46.201 
- 146.390 
- 146.609 
- 146.663 

- 4-2 .. 362 
- 38.932 
- 35.515 
- 32.lL 1 
- 2a.71q 

25.335 
- 21.959 
- 18.~·H 
- 15.230 
- 11 .. 814 

8.519 
5 • .166 
i .816 
1 .. '534 -
'haS5 -

8 .. 240 -
11 .. 595 -
14 .. 955 -
18 .. 3l6 -
.21 .. 665 -

8&.164 

86.205 
63~697 

SO.205 

41.218 
34.805 
29.997 
26.2'>4 
23 .. 259 

20.787 
18.714 
16.962 
15.46<:: 
1-4.163 

1.3.028 
1l.911 
10.792 

'1~ 791<, 
8.899 

8.092 
7.362 
6.691 
6.091 
5.536 

5.025 
4.5'53 
4~ 118 
3.713 

---Y.3Yi 

2.987 
2.659 
2.352 
2.0b4 
i.1'B 

1.538 
1.2'H 
L.069 
.853 
.6109 

.454 

.. 169 

.on 
• 076 
.237 

.391 
.539 
.681 
.811 
.948 

STRONTIUl'! OXIDE (LIQUID) Gn; "103.6194 OSr 

5;98.15 [19.373J gibbs/mol i1Hf298.l5 [-123.636] kcal/mol 

Tr.1 2936 20 K llHl'lI 9 [18] kcal/mol 

!-i_eat of For'mat ion 

~'1 fO is ca.leula ted froom that 0 f 'the cry!> tal by add it ion of lIIfro" and the dif f ere nee in (H; 9 38 - H; 9 B . 15) be"Cween 

crysta.l and liquid. 

H~a 't Capac i. 1.y and Entropy 

CpO of the liquid is estimated as 8 gibbB/g-atom by comparison with other oxides. Cpo is taken from the crystal 

in the range from 296 K up to t:he glass transition assumed d't 2000 K. S~ is calculated in a manner:' anillogous to llHf
o

. 

t!-'!:ltinp.: DCl.ta 

Foex (,!., ~.) obtained 'l)n " 2660°C from a solar-furnace s"tudy using SrO dS i'ts own con"Cainer. We adopt "this result 

belt incrcdse i1: by 5" for conversion to lPTS-68. The !1'uch lower vallie (2420~C) of Schumacher ~~, ~) probably resulte 

frorl' contamination by 1-1°
3 

frol:' tungsten supports of "the s<:L:;:ple. lInm G is estimated such that llSm
Q 

is 6 gibbs/mol. 

Phase data for the binary system 5rO-5rZr0
3 

(2.) yield ilHm '" 10 ! "2 kcal/mol assurring ideal behilvior in the liquid. 

Comparison with 'the very non-ideal behavior of other mixed oxides suggests that the SrO d;~ta (1.) are not inconsistent 

with LlHmo ::: 18 kcal/mol. 

Reterences 

1. 11. 

2. J. 

3. 

4. S. 

foex, Soll1r Energy ,2., 61 (l96b). 

P. Trave~se and H. loex, High Temp.-High Press, ,!, 409 (1959). 

r.. SChumache:r-, J. Jlo.wer, Chern. Soc. ~_~, 396 (1926). 

J, SChneider, NBS Monogra.ph ~, 26 (1963). 
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Strontium Oxide (S,O) 

(rd8al Cas) GF\'! 103.6194 

T. "K 
o 

100 
200 
2<.Jb 

Joe 
'.JO 
::'00 

to" 
700 

100C 

H:;O 
1200 
13JO 

Z?00 

2bOO 
2/00 
ZSQC 
29UO 
JOOO 

'HUO 

:,60C, 

--/{ibbs/lIlol-----

(:p" S" -(Go-H"'ZIIII)rr H"'_Ho~ 

1.-) 

( .'JO-} 

i."!lll 
I.'fo 

J. '. 'J ~ 

\.1'.41 

'l.llb 
).IHJd 

d.')\? 

J.; 17 
'),:>')( 

').loci 
1.>lZ 
! • '~! i 

J.'",9 
1 eJ.IO'l 
\J.':':1.' 
I J. 'JO~ 
ll. )64 

1 • ill.'~ 
• .\4', 

1.<'15 
.30::1 
.(5:) 

1'<.1'.>7 

1'.>.37:'> 
1:> •• 5"1 

-, .4!"\ 
.,.DZ 
).2H 
'J. :21 
',.'1'-1'7 

1' •• ':;72 
1 •• (!,Z 
:, ,6j 0 

1 ~. 4dJ 
: 4. ~5 2 

1' •• 72& 
! " • ~ (.;!) 

l/o')'j: 

II.,H) 
1 \. 7i J 

\ \ .ode 
i;\.'.>dt, 
1>.4,)b 
11.<,l"5 
I (. J ~ r 

)\.2.t>4 

l'.i9') 
\1.131 
~ ) • 0 711 
\; • .]13 

.000 !"oF INI rf 
46.':117 61.6l0 
'.>1.908 5';.066 
5' •• 9,8 ')', .'-.1,)8 

"S.J07 
51. 3 HJ 
'-'<J.n! 

cO.ln 
02. 

66.115 
01..>. J99 

6tl.963 

f,c}.:'86 
70.1t11:> 
7(J. T77 
71.354 
7l.92S 

72 .491 

74.7ZZ. 

75.270 
1<;.dlO 
76.3';4 
,0.1:167 

r7. 30 i 

77.Jcl3 
70.J72 
H.d4'} 

r't.31Z 
79.161 

fJJ.196 
.h17 
.02':> 

81.41 " 
81. t'OO 

i:J2.16'1 

~n.lOI.J 

1:\3.')30 

>j.Lo44 
:l4.1<or.l 
d4.I,4'; 

tI':o.Zj3 

06.057 
:Jo.10) 

d (,. ')",~ 

d6.77e 

ST.4 I,tI 

';,6.509 
j7.267 

'" 
54. d04 

>67 

71 
61 

62.-3-03 
62.791 
6,.119 

6'). 

67.259 
6[.5138 

69.101 

70.617 

70.d')4 
71.16' 
71.'.35 

7:. 

72.111 
!2.4o/, 

72. flO 
72.4'j3 
73.141 

73.426 
7 _;'1:>5b 

73.:133 
74.10b 
74. ·126 

74. ::>42 
7:..15'. 
74. )::'4 

7':>.l70 
75.372 

?161 
- \.465 

.752 

.000 

.015 

.e.26 
1.665 

2.523 
3.",92 
{·.269 
5.I?? 
6.042 

6.'137 
l.tl3d 
e.749 
9.613 

1 Q. 6l ~ 

11. 

16.947 
188156 
tc}.4b 
20.723 
ZZ.07o 

2".471 
24. '105 
26.3H 
27.36" 
Z').31B 

10.409 
32.451 

37 ~Q9'.l 

3B.644 
'.0.18t 
41. r09 
ft 3.2Z7 
448731 

707 

50.029 
52.un 

:'3. 500 
5'-.911 
':06,322 
57.716 
59.099 

60.472 
61.835 
63.189 
64.5)'5 
55.tH2 

69.041 
fl.15l 
72.4::'tl 

June 30, :i974 

kcal/mol -------_ 

a.HI" 

? .999 
3.200 

,'.,04 
J. 

3.0'14 
4.20S 
4.S75 
5.175 
;,. ~99 

7.'/4tl 
j.311 
S.LbS 
9.C16 
4.350 

').Ob) 

.. 2.':>24 
- (,2.-.37 
- '.1 •. H:" 
- '.2.]:'4 

- ,,[ .451 
- 41.707 

41.420 

"' 
- <od.146 
- Y:;.935 
- H.:'I0 
- 14.079 

)d.b49 

- 38.227 
- 17. 8~4 

17.<045 
- 3 r, 0903 

36.78 f 

- 36. ~l i:I 
lo.?96 
16. 

35.93"5 
l'.>."tl') 

- 36.09'; 
3",.257 
)0.'.76 

)0.751 
- F.ulS 

37.456 

3g .066 

40.635 
- .. 1. ~ 91 

- 41.975 

..,4.<;.3:' 

6.(;1" 

2.801 
4.803 
6.7S9 
6.5'54 

b.5ti7 
- 10.3'.d 

12.061 

- 13~ 

1..oJ!: Kp 

INF !N! TE 
I O~ 496 

T.366 
6.210 

6 ~ 2 ')6 
5.655 
5.272 

4.999 
4.7!:l9 
4 8 618 
4.469 
/f~ 338 

- 21.145 4.201 
2'2.32'1 4.067 

- 23.4d2 3.94d 
- 74.609 3.1342 
- 25.711 3.746 

- 26.791 3.600 
- 26.941 3.464 
- 26.033 3.161 

25.125 2.890 
- 24.225 2.047 

- <::3.333 2.428 
- 22~453 2~23G 

- 21.584 2.051 
- 20.728 1 G6B6 

1.739 

- 19,0...,0 1.602 
11::!.249 1.477 

- 17 ... :'3 1. ]62 
- 10.673 1.257 

15.908 1.159 

- 15~156 !.069 
- 1':'.420 .985 
- 13.644 .901 
- 1~.q80 .B4 
- 12.276 .761 

- 11.579 .703 
10. aeS! .b43 

- 10.20<0 .'>1:1, 
9.525 
8. !:I47 

d.169 .1.35 
.390 
.346 

6olZ") .304 
5.44Z .264 

't.748 • ?2b 
4.0"'1 • t88 
3.342 .152 
2.630 • 1I1 
i.')OS 8083 

l.170 .050 
.427 .018 
.331 .0 1 J~ 

.044 
• 015 

2.666 • iO" 
3.46b - .1 n 
4.286 - .162 
5.114 - .169 
5.957 - .217 

os, 
STRONTIUM OXIDE (Sr-Q) 

Symmetry Number": I 

S298.15 54.958.! 0.1 gibbs/mol 

(IDEAL GAS) 

f.lec"';ronic a.nd 1101ecul,n' Constants 

Source State t i , cr:t-
1 !! _~e' ~ Et:' cm- l 

a
e

, Cl;l-l 

Heat of Formation 

(]'-..::) 

(]) 

(.1) 

(~) 

(1· .:,) 
(.?) 

(2) 

(~) 

(~ ) 

(i) 

(~) 

(!Ol 
(:±,) 

A lZ+ 

3· r. 
3 

'" 32;-

-;.: 

BIrr 

0.0 

9055 

9794 

r 8000] 

lOaN. 

[ 22000} 

[22000 ] 

[240001 

[2'tOOO] 

[24000 } 

28~45. 

[23000 ] 

7 11636. 

1. 9199 O.3H98 0.002:::.9 

2.195 0.2584 0.0020 

2.184 O.2t>lO 0.0023 

l2.021J [0.30 1171 [O.OOll) 

2.021 

[2.]1,) 

2.132 

['2.06 ] 

;> .050 

0.30471 

[0.2721 

O.OOll2 

(0. 002 J 

0.271.;2 0.0021 

[0.2936) {O.OOIS] 

0.2936 0.0015 

GFI<.' - 103.6194 OSr 

~ 
ti53.2 

463.5 

460.3 

[6}9.6] 

519.6 

[480 J 

480,2 

l ::'201 

519.9 

I~ kcal/mol 

- 3. 2 4 kCdl/mol 

(,)eXe' cm-" 

3.,'l2 

1. 61 

1.51 

(O.S! } 

0.9 

[2.5J 

2.6 

(3.21 

3.24 

We d.dopt DO" lOl.D 4 dnd t.l--1f 298 .:; -3.2 kcal/mol based on 'the equilibrid analyzed below. Greatt:!st weight is r,iver1 

to the conventional mass-spectrometric studies (2, ~). We give "<" or ">" for th€ reSUlting D~ values which we fi:!el may be 

biased. The JANAf differences in for Mo0 3 -Mo0 2 dnd W03-~102 may be bia!3ed by ... 4 dnd "\--3 kcallmol, respectively; tl"l:'s 

would cause bias of the opposit:e :;ign DO values derived from reactions C and D. \oiith these adjustuents our analyses would 

be comparable with those of Brewer and Rosenblat't (tQ) based on a ll: ground state. 

Less reliable data were reviewed by D!'owart et al. (.~) and Schofield qJ). Subsequ""nt studies include two ne.w techniques: 

nonisothermd1 l.angmuir Dla.ss-spectr'orr,etry (2.) and crossec1-bedll'. rei!ction threshold (l.V. The former yields D~ :: 98.3 and >96 

kcal/mol (see N!actions E d.nd F below). JA:~Af d<Jtd for the redction srO(c) ::: srCg) "" O(g) suegest: that the PI', assumed (.!!.) 

for reaction r is too large. JANAr pressu,'es for Sr(g) and O(g) may be combined with the estimated (l) of 5% 

srO(g) to calcUldte Kp for reacLion r a.nd DO -= 93.5 ! 8 keal/mol. would increase to 97 kCi!l/mol if the beam in the 

magnetic-deflection experiment: (1) contained 10\ srO(g) 'ri:nher thdn The crosst:d-Deam ~action (1.2) was interpret:ed to 

give DO 112.5(~3.5 to -0.7) kcal/mol. We assume t:his value has il positive bias. finally, Kalff (11) used spectrometry of 

f1",12,':;s t:o derive DO ::: 93.6 ~ 2.3 kC.ll/mol. This value become,; "\.99 .kcal/mol when adjusted to he consistent with t:he 

free enert,)' functions, No. oi 6S b lIliT'29B/(kcal/mOl) IIHf
298 

DO 
SOUt::f_~ Method Reac.tion'" Rd.nge T/K Points gibbs/mol 2nd Law Jrd Law kcal/mol 

(2) Colin (J.96lJ) 

(ij) Orowart (19 5 4) 

Knudsen mass spec. A 1931-2J 70 9. S":7.1 ,.2.!15 22.6!2,e -3.3~3 10}.2 

<.§) Asar'.O(l972) Lanr,;;ruir m:;ss 

(l) Kaufman(1955) Magnetic deflection 

aReactions: 

1-1002 (g); 0) Sr(g) ... 

b 6S :: uSr' (2nd LdW) _ tiSI''' (3rd 

Heat Caf,lacity and Entrapv 

~d 1747-1850 

"\-2500 

-73. t22 
.1 (~O . .!:13 

L;:}n. 

srO(g)'" O(g); C) Sr(g)'" 

srO(c) :: srO(g); f) SrO(g) :: 

O.1l273PSr assurr.ed. 

-4.1!;6 101.9 
1.5:!:6 >96. I.: 

_1.:.2!:5 <102.0 

141.0!:0.7 -0.S!3 
97.0 1. 8:!:3 

94.5 lJ.,3:!:B 93.S 

SrO(g) + 

o (g). 

Elect:ronic levels a.nd vibrational-rota'tional constants of the observed ~itates <ire from field (1) and Rosen (4). 

The long-sought a
3

n and stdtes of CaO, srO and BdO were characterized by field C]) using a new meth~d for assignm:nt of 

This study resolved the long-standing controversy over lOW-lying elec'tronic levels and confirmed (1) that 

at 8000 cm-1 
by assuming that it: 1 Les is the ground state (1). ~Je estimate the oLher potentially low--lying staLe 

JOOO .!. 2500 cm-
1 

<];:, ~) below the isoconfig"rdtional A state, Other predicted staces cl.nd their- vibrational-rotettional 

constant~ are es,iiD.<ited in isoconfigurational groups by comparison with BeQ, MgO, CaO and BaO (~). Compa.risons are facilitated 

by listing the states in the isoconfigurational order of MBO (5, 5). Our theT'n:odynamic fur:ctions correspond to an It~ffect:ive" 

gr-oun? sta.te t .. ith 1<g<2 instea.d of g ::'. 3 (+l?' Our functions :re-'calculated using first-order ar:hclrrncnic corN:!ctions to Q~ 
and Q~ in t:he partition functior: Q ::: Qt ~Q~Q~gi exp(-c2t.i/T) . 

Ref':!r€'.nc5~? l. 
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Tanatum Ivlonox ide (TaO) :r-
ID 

~ ( I dea I Gas) GFVI = 1%.9465 • :<'" 
CI 

~---gjbbs/mol---_ kcaVmol Q 

,a- T, oK Cp' S" -(G~-H"2>lIl)rr HO-lf':z:w AHf' <lG" 

<: 0 .000 .000 I NFtNITE - 2 .. 095 46 .. 300 46 .. 300 
'DO ba956 49 .. 915 603 .. 914 - 1 .. 400 4& .. 411 43 .. 875 -

~ 200 7.026 54.748 58~259 .. 102 46.221 41 .. 403 -
29. 7~ 314 57.601 57 .. 601 .000 46.000 '39 .. 087 -

• .f>o 
300 7 e l20 57.646 57 .. 601 ~O14 45.996 39.044 

z: 400 7eba1 5Q .. 802 51~ 893 ~ 764 45.779 36 .. 759 -
? 500 7 .. 988 61 .. 550 58.455 l~ 548 45 .. 574 34~529 -

baa B.237 63 .. 029 59 .. 097 2.3'59 45 .. 372 32 .. 339 -
700 8 .. 447 64.315 59.752 3.194 45 .. 172 30.183 -

>0 800 S.637 65.456 60.395 4.045 44.973 28.054 -
..... 900 8.813 b6 .. 4133 61 .. 016 4.921 44- .. 780 25 .. 951 -
Ut 1000 8.918 67 .. 421 61.610 5 .. 810 44 .. 592 23.810 -

liOO 9.l]O 68 .. 283 62.178 6.716 44.406 21.S06 -
1200 9.268 &9.0S4 62 .. 720 7$636 44.222 19.760 -
1300 9.392 69.811 63.239 9.S69 44.038 17.729 -
1400 9. '303 70.531 63.135 9. '314 4~~ 8S5 15 .. 712 -
1500 9.601 71 .190 64.210 10.469 43 G b7!) 13.708 

1600 9.691 71 .. 813 64.666 11.4.34 43 .. 499 11 .. 717 -
nOo 9.775 72..403 b5.104 12.407 43.325 9.135 -
1800 9~ 856 72. .. 964 65 .. 525 13 .. 389 43.148 7 .. 764 -
1900 q .93& 73 .. 499 65.931 14.379 42 .. 963 5.803 -
2000 10.018 74 .. 010 66 .. 322 1.').:)16 42.172 3.652 -
2100 10 .. 103 14 ... 501 66.700 16 .. 382 42 .. 574 1 .. 912 -
2200 10.l93 74.973 67.065 ! 7.397 42.368 .020 
2300 lO.289 15 .. 428 67m 419 lS.421 42 .. 157 1 .. 942 
2400 10 .. )91 75.868 67.762 19.455 41.938 3~ 854 
2500 lO~498 76.295 68~O95 20~499 41.110 S.758 

2600 lO~61 0 76 .. 709 68.418 21.555 4l.474 7.652 
2700 10.127 71 .. lI.l 68 4 733 22.622 4l .. 2Z5 9.537 
zaoo 10.847 77.50"- 69.039 23~ 700 40 .. <;162 - 11.412 
2900 lO~970 77.886 69.339 Z4.7'H 40.682 - 13.277 
3000 11. Q94 78 .. Z60 69 .. 629 25.894 40 .. 380 - 15 .. L33 

3100 11.2HI 78 .. 626 b9~'H3 27.010 40 .. 053 - 16.978 
3200 11.342 78,. 984 70.191 28.13 a 39.696 - 18 .. 812 
3300 11 .. 463 19 .. 335 70 .. 463 29.278 30.59l - 20 .. 523 
3400 1l.5B2 79.679 70.729 30.430 30.257 2Z .066 
'3500 11 .. 697 80 .. 0l6 70 .. 989 31 .. 50:;14 29.<';]4 - 23 .. 601 

3600 11.807 80 .. 346 71.245 32.110 2q~621 - 25.126 
3700 11 .. '113 80 .. 612 7le 4 95 33 .. 956 29 .. 31b 26 .. 642 
3800 12 .. 012 80 .. 991 71 .. 741 35 .. 152 29~O19 - 2B.l!lO 
3900 12 .. 106 61 .. 305 71 .. 982 36.358 28 .. 731 - 29 .. 652 
4000 12.193, 81 .. 612 72 .. 219 37.513 28.450 - 31 .. 146 

4100 12 .. 274 81.914 12.452 38 .. 796 28 .. 176- - 32.631 
4200 12 .. 349 82*211 72.681 40 .. 027 27.909 - 34.112 
4300 12 .. 416 82 .. 503 72.906 41e2b6 21.647 - 35.584 
4400 12~ 417 82.78q 13.127 42.510 27 .. 390 - 37 .. 0'52 
4500 12 .. 532 83 .. 070 13 .. 3"'5 43.761 21~ 138 - 38 .. 514 

4bOO 12~ 580 83«346 73 .. 559 45.017 26 .. 891 - 39 .. 969 
4100 12 .. &22 83.617 13.771 46.277 26 .. 646 - 41 .. 420 
4800 12. &56 83.883 13.978 47 ~54l.. 26.404 - 4Z .. 865 
4900 12.669 64.144 74 .. 183 48 .. 808 26 .. 165 - 44 .. 306 
5000 i.e! .. 714 84 .. 401 74 .. 385 50 .. 078 25 .. 928 - 45 .. 744 

5100 12.735 84e653 74 .. 564 51 .. 351 25 .. 692 - 47 .. 174-
5200 12 .. 750 64.900 74e 7BO 52 .. 625 25.457 - 48 .. 602 
5300 12~ 762 85.143 74 .. 973 53 .. QOL 25.223 - 50 .. 021 
5400 12 .. 769 8Ss 382 75 4 164 '5'5.171 24 .. 989 - 51 .. 441 
5500 12.712 65.616 75.352 5&~454 24.15& - 52 .. 853 

5600 12 .. 772 85 .. 846 75 .. 537 57 .. 732 24.521 - 54 .. 263 
5100 12.109 86 .. 072 75~ 720 59.009 24.286 - 55.665 
5600 12 .. 763 86.294 15.900 60.285 - 152 .. 096 - % .. b43 

5900 12.7'54 86 .. 512 7b.078 61 .. 561 - 152~333 - 54 .. 991 
6000 12.743 86.727 76.2.54 62$836 - 152.573 - 53~ 344 

Dec. 31, 1973 

OTa 

Log Kp 

INF li'iITE 
95.888 
lt5.243 
2a~651 

2B.444 
20 .. 0S4 
15.093 

11 .. 779 
9.424 
1.664 
6.302 
5.211 

4.332 
3.599 
2.98l 
2.453 
1.997 

1.bOO 
1.2'51 

.943 
• 668 
.42:1 

• P~9 
.002 
.185 
.351 
.. 503 

~643 
.. 712 
~a91 

1.001 
1..10l 

1.197 
1 .. 285 
1 .. 359 
1.418 
l.414 

1 .. 525 
1 .. 574 
1.619 
1.662 
1 .. 702 

1 .. 739 
1 ... 715 
l.809 
1 .. 840 
1 .. 870 

1 .. B99 
1 .. 92.& 
1 .. 952 
1.976 
1 .. 999 

2 .. 022 
2~ 043-
2.0b3 
2 .. 082 
2.100 

2dlB 
2.134 
2.134 
2.037 
1.943 

TAl-iTALUM MONOXIDE {TaO) 

G("ound State Configurl:ltion 2n3/2 

S298:.1S = 57.60 t 0.50 gibbs/mol 

Stil:te 

x~ 
~lI5/2 
2f!.3/2 

/112 
'} ¢SI2 

2(\3/2 

¢SI2 
1028.69 ·cm-

e -1 
Be 0,402840 cm 

H!'!at oj" foflIlation 

~i' cm-
1 

0.00 

3505.43 

10860. '.]5-

11052 

12852.02 

13559,'27 

15880.62 

---'!.L 

(IDEAL GAS) 

Electronic Levels and Quantum Weights 

St"-te y-
2 ¢712 

2 TIl!2 

2"5/2 

/312 
2 ~7!2 

113/2 

1 

~ 
22918.75 

2331.11. 74 

24058.42 

25593.13 

26121. SO 

3... 

2567.1.04 

WeXe '" 3,51 cm-
1 

Ile = 0.001B2 cm-
1 

Scat:e 

~ 
!6 3/2 

2 °S/2 

2fJ. S/ 2 

2 t.5/2 
0.

512 

GFW" 1".9." OTa 
tlHfO '" 46.3 t 15.0 kca,lImol 

tdf29 8:,lS '" 46.0 :!: 15,0 kcal/mol 

-1 
~ ~ 
27290.63 

32373.60 

35785.93 

35885.20 

36615 

36785 

a '" 1 

re '" 1.5872 

Based en the adopted ground state vibrationl:ll constants, il linear Birge-Sl?oner extrB."Dolation yields a dissociation energy, DO' 
of 9.'28 eV (214.02 kcal/mol). Applying a correction for the ionici.ty in the Ta-O bond (1), we recalculate DO '" 8.67 eV (199-.'94 

kC311mol). This in turr. leads to a 6Hf298 value of 45.52 kcal/mol for Ta.O(g) using auxiliary date. (~). 

Inghram, et al. (1) Q.,.l.d Krikorian and Carpenter (~) have presented mass spectrometric evidence indicating that the predominant 

vapor'S in the vaporization of Ta-Ta
2

0
5 

mi'Xtures in 1'1\ Knudsen cella are TaO and Ta0 2 • Results of our second ilnd third law analysis 

of these and other data a!"'e prer:.ented below. flHf 29 8: in the table refers to the heat of formation of 
No. of Temp. .!lHl"'298" kca.1/mol Drift 

Reference ---a-

, 
16 

A 
s· 
B 

Points ~ 2nd Law 3r>d Law _e_u_ 
1 2022 147.'31 
2 1927-2034 162.80 175,47 
5 2151-2278 193.95 144.81 
3 7180-2271 156.53 172.90 

graph 1900-2900 51.;.15 93.33 

5.' 
-22. 3t14.1 

2. 8t? 9 
17.5 

2nd Law 

+65.00 
+100.30 
+ 72.98 

54.15 

Recalculated pressures using Otvis and Stevenson method for estimating ionization cross sections <!:., §.) • 

kcal/mol 

3rd La .. 
-1-49.51 
-1-77.67 
-1-51. 2S 
+79.·35 

93.33 

A: 0.6 Ta(c) .. 0.2 Ta
2

0
S

(c) = 1'aO(g) B: 0.6 '!'a(c) .. 0.2 Td
2
0S(t) '" TaO(g) C: Ta(c) oj. 1/2 02,g) = TaO{g) 

The discrepa.ncies here a'!"'e rather severe and indicate considerable W1cer-tainty in the system studied. In a.ddition to the 

standard difficulties in a Knudsen cell system and "the subsequent assu:m.ptions used fof' a second and third law analysis, the~ is 

dn additional p:roblem of oxygen diffusing through the walls of the Ta Knudsen cell, followed by volatilization of TaO(g) from the 

outer surfaces (.:!.. £). Based on JANAf 6Hf 2S e- values for' Ta
2

0
5

(c) and TaiOS(!)' I'IHri98" fa!' reaction (A) should be 4.25 kcal/lIlOl 

more positi.ve than .reaction CBL The third. law N:sults of Krikorian and Carnenter (~) for reactions (A) and (B) differ by 2,57 

kcal/mol but the second law r-8sults diffeY' by 3.73 J<cal/mol in the wrong direction. The thir'd law results of Inghra.r..t et al. 'j) 

differ by 2.50. It is intel"'es't.ing to note t.hat, if the pr'essures r-euorted by KrikoI'ian and Carpenter (~) arc multiplied by a 

fdctor of 1000, a third law analysis yield!; results in excellent agreement with the thir-d la .. results of Inghram et al. <.~). 
Second law values would s"till be in disagreement, however, and serious "third law drifts would still be present. Drowart et a.l. 

(.1.§) observed the vapor'S ove!"' a Ta wire at various oxygen pressures in the range 1900-2900 K. Our an4lysis of their graphically 

displayed results does not clarify the. situation as "there is again l:I large third law drift. Inghram et al. (l) also measured the 

ion cutTents correspond.ing to zrO(g) and T.'J.O{g} over mixtures of zr0
2

(c) and 'raCe) in a Ta Knudsen cell. The !"caction was stated 

as zr0
2

(c) + Ta(c) :: zrO(g) + TaO(g). A second law analysis of seven data points yielded t.Hrizoo = 317 t 7 kca.lflIlOl as r'epot'ted by 

Inghram e.t al. (1). Usir,g JANAF auxiliary data (~), this leads to 6Hf29a(TaO, g) :: Sl ~ 12 kcal/u.ol, where tl2 lccal/mol reflects 

the additi.onal ll.""1certainty in lIHf
298 

fer Z:r{)(g). Goldstein, Walsh, and White (1), in studying 'the vaporization of Nd20 J from Ta 

Knudsen effusion cells in thl<! range 201:.0-2450 .!<, determined the heat of re,J,ction for Nd203(C) + TaCc) = 2 NdO{g) .. TaO(g). They 

reported a value of DO '" 9 .·36 !; 0.2 eV fer TaO (g). This leads to M1f 29 8"(TaO, g) ::: 29. S ! 5.0 kca1/mol. 

Brewer and Rosenblatt (12) have suggested fl'ee energy functions which <ire 1.3B to 2.114 gibbs/rool more positive than those 

adooted here (298-3000 :<). The reason for the difference is that Brewer and Rosenblatt (17) based their functions on low lying 

electronic sta"tes as observed. in the 703. 10 + ion. The 6Hf298 values derived from the thir'd -;:-:w would increase by roughly 3.5-4.2 

kcal/mol with the drift" becoming more pos:'tive by 2-3 eu., if we were to use Brewer and Rosenblatt's f!"'ee energy functions, 

Due to the large scatter in the mass 5pectrometric results, we prefer not to dV8rage the resulting IlHf~ values but to rely on 

correlations with VO{g) and NbO(g). There has been good agreeme:1t for V0(g) and NbO(g) between the adooted ,JANAF lI.Hf 29 8" value and 

the value derived from the Birge-Sponer result corrected for ionicity ( .. f'. Thus we adopt lIHf 29 &{TaO, g) '" 1.1&.0 t 15.0 kc,s1/l:10l. 

which is a rounded value based on the adjusted Birge-Spane!' result. The ado"Oted t.Hf 29 8" value corresponds to a dissociation eo'!t'gy 

DC :: 8.65 !: 0.65 eV. 

Heat Capacity "od Entropy 
The band spectrum attributable to TaO (g) has been observed by ITlAny in.vestiga't:ors (~-1..1). WeI tner and McLeod (l::!..) studied TaO 

spectroscopically in the infrared, visible, and regions by means of D'.a.trix isolation tec[-,niques. Sixteen 

elec"tronic tY'ansitions .. t;:re observed from the X state, determined to be the ground state. Cheetham and Ba.rTCW (-l2) charac-

terized nineteen electronic states from Ii ana.lysis of the emission spectrum of TaO in the region 2740-95"00 A, The 

combination of the results of these latter two studies as given by Cheetham and BaI'l."'ow (1&) provides the adopted vibrational and 

rota.tional constants as well as the elect.ronic levels. Cheetham and Barrow ell) indicated the possibility of other low lying 

stat:eS based on the early work by Kiess and Stowell C.~). OTa 
The electronic states listed by Cheetham and Barrow C.l§) are actually sublevel:; as indicated by the It ..... alue. 'The quantum 

we.ight of 2 is a.ssigned if the two sublevels which at'e part of the same state are present" (i.e. similar we a.nd (.<)exe values for the 

S<lJne fl. state but different n value), If the '"tWO sublevels of a particular- A state are. nat accounted for:' then a quantum. weight of 

4 is assigned to that SUblevel which is tabul.'J.ted. 

References: See Ta0 2 (g) table. 
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Tita~ium Monoxide. Bela (~-TiO) 

(Crvstal) GFW 63.8994 

T, "K 

ll,'; 
?'Y] 

'" 
3J,' 

(',,)0 

7L'C 
'11)'; 
q)J 

1'1)1) 

16J0 
11.);; 
1"1·')") 

lQ0) 
lJ::J 

21'),) 

2)-)') 

? ,:)0 
(4'lJ 
,> ~ Lle) 

-----glbbs!mol---- -----kcal/mol 

CpO so -({;~-W2S,<l.)rr W-H"=~ .1Hf' 

"."':;0 

<:). ':i r~ 
10.7'>:) 
1). '1 '0 

1 ~. 1 

i>.6f,'J 
\".1.':"1 

740 
l7rj 

7.5("1 
n. O,~ 0 

.".. ~I' C 
". 2 ~ (I 

".71.; 

J.llC 
0. :, ~ u 

"/.IJl 

)Z.0q-; 
)<',."70 

1".714 
l'l.b':") 

2::1.371-; 
?1.9'i! 
23. .. 2(' 

3iJ./->l'.1 

1l.6"j 
~ '" • 6 ':>1 
;H.o14 
~.:. • "4-,1 

)').45r. 

16.3'.') 
~ 7. 21 ,:> 
l'l.Jo('l 

~I;\ • 8 '-lU 

'-1.100 

10.2..,' 

11. 
12. 

lQ.';'S'I 

/G.l'-1 
!D.!:!]'-

:'2. 

23.1;'14 
24.456 
2<;.027 

.ooe 

.01 f 
1.019 
<'. I 'i ~ 

7.219 
P.t>C6 

1:.1171 
I <,. ~ 6<; 
21.307 

2.t-.77<; 
lR.t,82 
30.63? 
,2.I,Z4 
V •• f,'58 

I·Jar. 1'_'["/; 

l'A .7',.10 

7ur; 

12>1."4<1 

I Z.-l.O;:'l.. 
P7.~'.l4 

!Z7.b c 1 

126.4.Q 
12':1."17'" 
12;:'.4f'7 

12'3.34<' 
117.74-, 
1'>7.101 
1?6.<.?C: 
P';' lGt 

31. 1~73. 

6Gf' 

t21.iZ4 

I?! • ~ E.:' 
IIS.Io)'. 
117.i!:''' 

11:'.14] 
117.')46 
110.77) 
I ()a ,('7, 
Ill ... ')00 

'<3.9(]) 
<)1.'1[< .. 

8Q.cl''l1 

OJ.f,9''! 
~ 1 • ')e A 
7'1.')04 
77.!.4R 

7 ~. '.2 ~ 

Log Kp 

11'1.37) 

'" ~. 7'.) 1 
'" 'i. '3 ~4 
"1.'Lll 

'01.941 
15.26:1 
'O.Z6? 
2".378 
n.2l'> 

12.!'>?7 
Il.!H ~ 
11l.Q15 
1:).114 

q.'Il,J 

8. 7J I 
"1.100; 
7.'>')') 
7.()'jl 

6.<;91 

TrTANIlJ~\ MONOXIDE, BETA (~-TiO) 

J K 

1m :: 2023 ! 30 K 

HeaL of [oroation 

(CRYSTAL) 

!\Hf" is Calcul.'I.'ted from t:hat of rt-TiO bY' dddin€; "'Ht:~ to the differencE' in 

p-TiO are t"evi12wed on 'th"'- table for a-TiD (2!.). ValUes of der'Lved from 'Y::,f" 

Grw :; 53.8994 0 r I 
-178.7 ! 3 kcallmol 

,OJ kcaLlmol 

M!m 0 :; [10 J ~cal/mol 

between 0._ .Jnd P-'fiO. llGfo data for 

the \/dlue of SO (se~ Entropy). There 

,1r~ additional references on JGC
o 

willc-h dcser'le comment. 'iolirl-stat<:! em: da.Ta of lioch et al (.l§.l ure insufficient 1:0 yield 

\SfQ( e:;:pecially in the direct Wdy used by Drowdrt et al. (li), Their 1ntepretatio:. is i.nconsistent with ['hase di<lll:rams <lQ, 
L~) and exten~Lve emf dolta. (2) which show bivariilnt: !)ehdVior in which ['5(02) i:i a stronr, function of (U/Ti). It is not useful 

to r(:interpre"t thE, emf dat,l ClJP; they show a tCI~.peruture dependence of the wronro: sign and we do 1'0<: kilO\-: the nccess,l.ry "lcctrode 

c0mposi1:ions. l11e ofren quoted ~:::;fo o~ KUD<lSchel-.'ski and r,encr, (lJ) not 'In ind"pendent vil.lue sine" it assumes the correctness 

()f the calorimetric ::Jdta. of the Bureau of ~llnes (1, J.3., l.l.). fubaschc~}s)d's red:;S\.!S:j:-nent (2.2., ~) of ',(;(°
2

) is super'seded (~) du.e 

to new da1"d (2.), 

Heat C,Jpacitv .1nd "Entropy 

1·le a·:;sume Cp"( ;,) = Cpo(a) as discus~ied on the t,lblE' for a-TlO. SO ca.lculated in a i:lann-o:r an,jl000;Ol.l5 to chat of {\Hfo. SO 

mic;ht be too low by as ~ :>::' lj s>;ibbs/mol C.~) due to a pos::>ible \.mc~rtainty ~HtO (see Tran':iition Ddtd), Th":" pC~is1b11ity 

exists experimental s-3T:n::-les (l-~) !-_~, .ill ·",ere not <ldequ.).::cly chdracterized to -phas{:" and VdC>lncy concentration. 

Pha,;e Da.1"a. 

Stoi.chiometric TiO has been ic1~nti~ied in two crv~:t·;lline forms, Hi~h-temperdture fl-Tiil has i:l cubic NaCl-type stn.!cture (11), 

whi le low-te'!'per,lture a-TiC has a closely reldted monoclinic s"tructure (~, 22>. Ide,d a-Tio is "n ordered array in which 1/5 of 

the L.ltc:ice Sit:1:!3 arE' V3.ca.:1t; half of "the T1 3.nd 0 atoms arc missin.:: dl1:et'nately in ever'y third (1111) plane (1.~) .. a-TiO obtdined 

at normal pressures appe~f'S 1.0 have a lower dnd som(!wh3.t variable ("'1.1I-1~·~l vdcanc), concen,ration (.§.), depending on conditions of 

vr-epcll'ation. V'lCdn,,·y cO'lcentril'tion Cdn b·;'!. reduced '1':0 art::iird.1:'Y vdlue:.; (includin~ zero) '.11. high pre-OS'Jr·e by quenchinr, from hi,:;h 

L€',mperature (!i), lne prol:.."e:;s is reversed on reheatin.;:; -:it normal pr'8sO:>UT'e. \''l.oancy conc:entration (2, L§.) <1,..,d vacdncy disorder' 

(12. 1.1-2.2) ill 0-Tio appear to incrl:!a~ie with incrcasino; ,emperdture, Lut definite conclusions are hampered sinCb most dil'ta ar's foC' 

samples quenched to roonl temp ..... ratuI'e. Hil"ti (Zl.) cl.lim?d 'two transitions: a ... cubic (vac::ancy superlattice) .... cuDic (random 

vOl.-cancies) . .To:;tsons and ~lcDougall ('?..Q) design.Jted the ~- and a-phClS~5 as y drl,1 y' in order "to avoid confusion wi.th other' Ti-O 

dlloys. The rela<:ively wide homot!eneiiY rdnU;es of Q- dnd (i-Ti0 2re summa.rized in recr:nt phdse diaerams (1.9., 12.) and emf studie:::; 

CU· of stability of a-T.iD the iden"tity of its ~jd)dCent pheJ.s~s are less well estdbli::;hed (2..2, 1..:0 th,J.n for ~-ph·ase. 

is metallic, exhibl·ci.r,~ we.'l.k Ddral7lap;netism (~?) and $upeTcondllct:ivity \~ith '!"c bela'.) 1 K (2..§.l. Drderinv, of t.he vacdncies by 

... 
c".) 
eo 

n 
l: 
J> 
VI 
m 

cln.nedlinp, had little effect on Tc (?6), m - ~ 
TT'.:wsition Datd 

Th.,- natUN;! clInd kinetics Q::;i J.re crucial slnee we Ltck ·jef"iniT:e kno' .... led8,e of the ;Jhasc3 used in thc~rmoc:hemical studies. 

The transition a-il i:; mot"e rapid th-::.n "the r€'/erse one. readily r'eL:l.ined by quenchin~, but rJ Ci'ln be ob'tdined only by 

d.nnealing (n-.~) for seve/'.3l. nOdI'S bela'" Te. j·!orcover, there i:; disa~reemen't AS to ...,he"the"[' the transition a~~ proceeds directl.y 

(LQ) or via ;;In pef'itec1:ic decomposition, e.»;. Ti
2 0 "'" P-Ti'll>-v (J.2) , rrnf dat:a (2.) seem more consistent , .... ith 1:h'" 

]:nter, but non", of the e v iJo;:!i"1ce is defini::ive (12, 2.9, ~, .?_?.:l:2J, i.yon sugr;e:;tcd that pe!'itectic (j~cornposiTion is an 

alternative to dlrect reduc1:ion of VaCdnc.y concentration on ,?:oLnr,- from r::r to P (5··e Ph,};:? D;:)'OI.). T.""":e difference in vacancy 

c0w:cntT'ation, if "["'eal, nldy precluje direct equilibri·Jm be"t'.-leen idE'".d a and nornl-3J ~. Thio; cOlJld invalid"!tH calculation. of ~St 

:,f1t (~l. 

Anpl'oxiTT'3t:e r-lTIp;es Tt include 1".'35-1.270 K from enthalpy ej'lt,] <1J.l; l235-127.1 K fro"'. t)"',ermal ;:lluly'3is (f..~); between 1223 

d'tK! K <?Q, ?~~), DetweEn 1223 ]Olt! l?88 K (22), dnd bt:'t'e1een 1173 -3.nd 1123 l"\ (_2_~, lQ). each bdseJ on tht:' presen.ce of a in 

qclenchtOd froTT' vari()us annealing teTn"D~C',·:ltures. Lat~f' r",;i:;1.ivity datd. {.?_O on Pearson's samples (~) ~>ue>rest that it is 

1233 ctnd 1303 K. Hilti (22) l'epor'ted ]253 K for the first transition and 1 

not -sPP-'lrent in the enthalpy (\a1:a (11). 

K for' the second. The ldrter transition is 

·<le 'ldopt Tt _ liGS J< and arbito:-arily t,1ke ~:it~ = i.O y.c'11/mol. The .lppar'en"t entll<l.lpy differenc(' (~H :: 0.83 kcal/,r,ol) at Tt 

if, C'",.nal to · .. HtO only if Naylor's 5.;t.mple (t~l ·,""a~ originally :1-Tin and returned t:o a·form durinf, dro? c.dlorimetr-Y from above Tt. 

':IL\rlu et ,fl. (2) :Jroposed instead, based on thr. difference i.n :)}!c~ values, trat M-[t O 
:: • ... 5 kcal/rlOl .3m] tJStO :: "tlt"/T1: ~ "''-l 

.:>;ibbs/mol. ThE" resllltinp irlcreas(' in sQ(r) '"ou1rl chdn~e Oll!"' thi.rd-ld',,", ,lndlysi<; of \r;!"~ for l'eaction:; C dr,d D (see c-TiO). It 

would minimize ciisc:rep-an.cy be>t'..Ieen ~lkO (2. :.) a.;ld "t;,e tr1ird-lilw but !",ore Ulan doutl'~ the discrepancy (.'is) i.n the 

temp8l'sture dHpendence of 1"'['01;1 Ti/"i] (2, }). \<,'8 prefer' to min1eo,izc even thouu,h the 1.1rf,8r value i$ compa"tible 

wi th the 

Entropy calculdtiow; ,ll'e av-aildble processes sO'Twwhat related to Q=~. -:-he confi,...llr·a1.:.lonal entro9Y of TiOCP) wit;' r.~ndor'l 

;"'as :.;hown to be L.O ll;iDbs/mol (1.::). ;,c; of 1.5 to f.J ~ibbs/rr.ol for 

cdculated by Lyon (2) from cOr.1pressibility, thcY'rfidl >':<0,n310n and i ?'/ isother·m (§). 

vacancies) .... 'fiOCr, 14.4~, vacancies) was 

and Doyle (§.) reported obseI'vinlJ; 

11-Ti0, prcGumahl), wi th 'nuch l'€,juced COl"'.centr'<l.tion, Cit 56.~ klMr' and ll53 K. This yields -tlil~ dssumin!'; "th,' Tt > 1733 K 

.'It 1 arm. [-Ie estiMate j'l :; -0,10 the den~;ities (§., observ,;,C: at 25~C .)nd combine it w"ith ,i"P"to Calculate ~s = '02.6 

calculation i:; hiR;hly unc:er"L,in; it is invalid if the transition is not 03.11 equilibriunl one. 

Ref erenCE!S See T i O( r) • or i 
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Titanium Monoxide (TiD) 
(Ideal Gas) GFitl ~ 63,8994 

T, '"K 
o 

lOO 
200 
298 

'00 
400 
'joo 

600 
100 
800 
900 

1000 

1100 
lZOO 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2700 
2600 
2900 
3000 

3100 
3200 
3300 
3400 
HOD 

3600 
3100 
3800 
3'100 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4800 
4900 
5000 

5100 
5200 
5300 
5400 
5500 

5(>00 
5100 
5800 
'j9QO 
6000 

~---gJbbs/mol---_ kca(jmol-----
CpO 

.000 
3.097 
7.593 
7.162 

7.168 
8.131 
8.433 

8.646 
8·192 
8.894 
8.961 
9.021 

9.062 
9.094 
9.120 
9.141 
<).158 

9.114 
9.1 9 0 
9.206 
9.223 
9·242 

'1.264 
9.290 
9.31.9 
9. 35~ 
90390 

9.433 
9.479 
9.530 
9.5e5 
9.644 

9·701 
9.773 
9.842 
9.913 
9.987 

10.063 
10.140 
100218 
10 0 296 
100375 

10.ltS3 
10.531 
iO.608 
10e684 
10.759 

10.831 
10.902 
10.970 
11.037 
1l.lOO 

11.161 
11.219 
lL·27~ 
lle327 
11·377 

11.424 
11.467 
H~50B 
lLS46 
11.581 

So -(GQ-H"uIIIVT H O
-H"'2$8 o.HF C:t.Gf" Log Kp 

.000 
47.308 
52.727 
55.776 

55.824 
58.108 
5ge957 

61.514 
62.859 
64.040 
b5~092 

66.039 

66 .. 901 
67.b'H 
68 .. 420 
69.097 
69 .. 728 

70.320 
"0 .. 876 
71 .. 402 
0.900 
72.374 

72.825 
73.257 
73.b7D 
74.068 
74 .. 450 

74. t!l9 
75.17b 
75.522 
15 .. 851 
76.183 

70~ 500 
76.809 
77.1 !l 
77.40b 
17 ~ 695 

77 c 9rr 
7S~254 
18.525 
78.792 
79·053 

79c310 
19. ,63 
79 c BIZ 
80~ 057 
80.298 

80~ 535 
80~ 1b9 
ao~ 999 
al~ 226 
81.449 

81·610 
81.S81 
8Z.l01 
82.'313 
62.521 

82~ 126 
82.929 
83.129 
83 5 320 
83.520 

INFi NI TE 
62 ~595 
S6.471 
55 .. 775 

55·116 
56~oa5 
56.680 

51 ~ 359 
sa .051 
56.127 
59~377 

59 ~9'H 

00.'>66 
61 ~ 145 
61.671 
62·163 
624&b6 

63 .. 126 
63.565 
63.986 
64 .. ,390 
64.177 

b5 .. 15Q 
65.509 
65 .. 854 
66 .. 18S 
06.511 

00.624 
67.127 
67.420 
67.70S 
b1.963 

68.252 
08.515 
68 e nl 
090 020 
69 .. 264 

69 .. 502 
69.7?S 
69· 963 
70e l8b 
70.404 

70.618 
70 .. 828 
11 .. 034 
11.237 
71.435 

71.&31 
71.823 
72 .. 0 11. 
72~ 1.97 
72.380 

12.560 
7Z.131 
7L912 
73.084 
73 .. 254 

13.421 
73.586 
73~749 

73.909 
14.068 

- 2~ 302 
- 1.529 

.750 

.000 

DOlt. 
.809 

1.638 

2.493 
3.365 
4.250 
5.143 
60043 

6.947 
7.B55 
8.166 
9.679 

10.594 

1 i.51C 
12 ... 28 
13.346 
14.270 
1 So 193 

16.118 
11.040 
17.976 
l8 .. 910 
19.1347 

20.788 
21.734 
22.684 
23.640 
24.601 

25.569 
26.543 
2-'.523 
28. Sll. 
29.506 

30.509 
31.519 
32.537 
33.562 
34. '596 

35.637 
36.680 
37.743 
)8.BOa 
39.880 

40.960 
42·046 
43.140 
.... 4.240 
45.347 

46.400 
47.579 
48.704 
49 .. 834 
50.970 

52.110 
53.254 
54-403 
55.55t! 
56.112 

12.888 12e8S8 INFINITE 
L3.180 lDe716 - 23 0 419 
13.152 tle24J. - 9 0 001 
13.000 5.660 - 4.295 

12.9<,11 
12.818 
12.636 

12."47 
12.244 
12·020 
11.710 
11.492 

1 i. LaB 
9.920 
9.688 
9.440 
9.175 

8~890 

8.584 
8.25,+ 
7·901 
3~07b 

l.bqq 
2.321 
1.943 
1.566 
1.189 

.814 

.441 

.069 

.299 

.. 664 

1.025 
1 .. 382 
1.734 
l.082 
2.'+24 

104.386 
104.689 
l04~~99 

- 105.315 
105.0)9 

- 105.969 
- 106.304 
- 106.64') 
- 106.991 
- 101.341 

- 107.695 
106.054 

- 108.415 
10B.781 
109.148 

- l09.~19 
- 109.89.2 
- llOG26b 
- 110 .. 04; 
- ILl.021 

- Ul.lt02 
- HI.1/;IZ 
- ltZ G lb5 
- 112.548 
- 112.933 

5 .. 615 
3.449 -
1.121 

1.158 
).409 
5.b31 
7.822 
9.984 

- 12 .. 116 
- 14 .183 
- 16.183 

18.lb4 
- 20.126 

- .22.070 
23.990 

- 25.903 
27 ~ 792 

- 29.50" 

- 31.126 
- 32.729 
- 34.313 
- 35.680 
- 37 .. 434 

38 .. 972 
- "<0.494 
- 42·004 

43.497 
- 44.981 

- 46.451 
47 e914 
49 .. 362 

- 50 .. 799 
52.229 

53.383 
51 .. 963 
50.5)6 
49.097 
47 .. 651 

"to·196 
44.737 

- 43 .. 267 
- 41.790 
- 40 .. 303 

- 38 .. 805 
- 31 .. 305 
- 35 .. 795 
- 3'10.284 

32.7S7 

- 31 .. 224 
- 29 .. /;187 
- 2d~ l41 
- 26.587 
- 25.025 

- 23 e 464 
- Zl~886 
- 20~305 
- HI,. 719 
- 17.127 

4.237 
1.884 

.493 

.422 
1.064 
10 538 
i.699 
2.1 82 

2 .. 401 
2.583 
2·721 
2.836 
.2.932 

3.015 
3 .. 085 
3.145 
3.191 
3.22'0 

3.239 
3.251 
3.261 
3.267 
3.272 

3·276 
3.218 
3 .. 279 
3.278 
3.271 

3.275 
3.212 
3 .. 269 
3.2 0 5 
3.261 

3.241 
3 .. 0b? 
2 .. 900 
2 ~ 751 
2.604 

2.462 
2.328 
2.199 
2.076 
1.957 

1.8404 
1 .. 73S 
1·630 
1.529 
1·432 

L.160 
i.076 
.994 

.916 

.839 

.1b5 

.693 

.624 

Dec. 31,1950; Hdr. 31, 1967; Dec, 31, 1973. 

TITANIUM MONOXIDE (TiO) 

Symmetry number = 1 

S;98,1:' = 55.776 = 0.06 gibbs/mol 

HeaLQf 

~_~c~ 

q~, 2) 

(1, .::) 
(.1. 1) 

(l, 2.) 

(1,1) 

4) 

E) 

State 

~ 

[3 n 
A3~ 

B3 rr 

C:ill 

atl'.+ 
d , Z 

"1 IT 

c 1 • 
f1 " e Z 

-"-"--
0.0 

%.I~ 

197.5 
11800. 
1 ... 019 ,I.; 

14192.3 
14360,7 
16226,1.1 
15?ll8.0 
15254.2 
1.93111. 7 
19'-'37 .4 
29531.5 
(1000. ] 
[3219.1 

(12273. ] 
(HBlll. J 
[20059. J 
[27517. ] 

~ ~ 
1.620 

[1. 654 J 
1.66'-' 

1,663 

1. 695 

1.616 
1.500 
1.6St. 
1.639 
1. 670 
1.69'-' 

(IDEAL GAS) 

O.53St. 

[0.5134} 
0.507311 

0.5079 

0.4889 

0.00303 

[0.0032 ] 

0.0029 

::~. cm-
1 

1008.26 

873. 

837.86 

GPtl' " 63,8994 

kcal/mol 

13. Q !. 2 "cal/mol 

-1 
wE-x",., err. 

4.13 

ll. 

t.SI+5 

OTi 

6Hf;98 :: 13.0 "!: 2 kCdl/mo1 and DO = 158.5 !: 2 kcal/mol are s"lec"ted from reactions A, B, C and E <J-.. §) Which are sunll1larized 

below. TIle fir'st three are isomoleculdT' exchange rea.ctions studied by mass spectrometry (11, ~). React.ion £ is obtained fr"om 

univariant Ti
2

0
3
-Ti

3
0

S 
by combining Knudsen effusion with the pressure ratio CTi0 2 /TiO) " 0.2'-'6 obtained from mass spectrometry 

(J..§.). We use the same ana.lysis CJjp for (12,0, although the condensed phase may not be univarLwt. We presume that the smaller 

-= 145.1J. kcal/mol from reaction D is due to bias in the mass-spectrometric 'Jalues (12) for the partia: pressure of Q(g). Larger 

of DO from sublimation (J2., 11) a.nd vapoT'iz..,,:'tior. (~) of TiO lire subject to bias due to pres'~nce of species ot.her than Tio 

in the vapor' and to unknown liquid c.ctivitles. Activities of TiO in TiOx:{c) are. very clcse to unity at x-=1.0-1.1 and 1900 K 

according cO emf da ta (.?.2). 

The andlysis of Drowart et al. (l:!) was "the key to resolut:ion of the discrepdncy in 

their dna1ysis. Our analysis uses D;(GeO, 1;) ::: 156,11 ~ 1.5, D~(S:::O, g) ::: 150.4 !. 2.0) g) ::: 170.1.~ ! 2,5 kc"l/mol with 

other auxiliary data ~nd new:"y calcul<lted free-enerJ."Df functions, all of which at'e essentially co:)sistent with Drowa.!'t et al. (~, 

1.V. OUT' selec,.ted D~(TiO) = 158,5 ! 2 kcal/mol may be compared 'With dnd 1~5.3 kcallmol ca.lculated by linear Birge-Spone'r 

ex:trapoLl1.ion of pres,(!nt (]) a,nd older (ll) vibra"tion."i_l ccnstants of Kushawaha (~) used the older constant:s in const:r·uction 

of RKRV potential energy curves and thereby estimated D~ = 165.4 kCill/mol. He also derived D~" 167.8 !: 20 kcal/mol from a 

chemilurninescent redction (12), but we dismiss this since auxiliary data for KO and Tiel were 8stimat(:s. 
Rdnge of oS<>t !!Hr-;98 / (kcaJ/mo]) 

(13) ~~~;~~n (1.971) M~~~h~~ec. :1ll;'~~ij18 =~:e~f~'~l -li~~tt~~3 
- Mass spec. "v2023-:;lIH7 O.2!:1,5 - 2.6~3.3 

(l.:!.) Drowart (1959) Mass spec. 1951-21163 O.O:!:O.l - 3.0 
Mass spec. 2313 

(~) Balducci (1972) Mass spec. 2015-2240 12, 
(l6) Wu (1972) Knudsen eff. 1937-204 4 12 
(17) Groves (1955) Knudsen en. 1971-2085 15 
- Knudsen eff. 1847-1968 8 11!: 3 

(l.~!) B~r'ko\"/itz Cl957)!1ass spec. 2027-2072 2 48 

a React.ions ar>e A) TiO{g) + GeCg) ." Ti(g) "" GeO{g)i B) TiQ{g) Sc(g) THg) + SeQ(g); 

~Hf;98 DO 
o 

kcal/mol 
lI-.-T£3.~ 159.8 
14.0"!:2.7 157.t;. 
}I.i .0~2.1.i 157.4 
13 ,0:t3. a 15.9.5 
26,1:t2 1I15. l , 

12,3":3.5 159.] 
9. 7:!:3.6 lSI. a 
6. tl~ll 165.0 
7. 5~7 16'-'.0 

C) TiO(g) ... V(g) = Ti{g) + VC!<g); D) TiO(g) = Ti(g) O{g) fr>om differ-ence of two observed T'eactions 

E) 2 Ti.
2

0
3

(c) = 
6So :: 6Sr c (2nd law) - lISroOrd 

Heat Capacity and Entropy 

Ti0
2 

:- a + TiO and 

... TiOCg); n Ti O(high) = TiOCg); ... nO(g). 

C r:xtreme poirrts selected from la:rge data set. 

Electronic levels (To) and constants a.pe from Rosen <.JJ as supplemented (~) by extensive new data 

C2, 1. ~, ~, .~). Additional states neat"' 32000 (1.2., .~) ar>e omitted since their effect: is negligible. We estimate 

spectroscopic ce;nstants from knol-ln vd1ues for states arising from lik,; moleCUlar-orbital confi~ur':ltions (11). Although is "the 

ground state <.§), several (1.-1. lV that. energy) evels of all singlet states are apPl'oxiTildte due to uncertainty in 

'!::he low-lying all.. We revise from 581 (6) to 1000 ~ 400 cm- 1 based on the ternpo::r>ature dependence of band 

ob:erved at: 11894 cm- l in a i'le-matrix (1), and the -:!ssumption that C.§.. 2), the !"'equir~ment: th.at lie above 

the perturber of C~fI (]i) The new r. and f states confir'm empirical predictions (11) whiCh suggest additional wnobserved l.:vels at 

and 15000 (1:0. We omit these states since their predicted ~nergie5 are less w811 established and their 

tc Cpo and S9 would be qui"!:e srn.al1, The functions are ca,lcula"tcd us Lng firsl:-ordeT' anharmonic corr·e.ctions to 

function 0 :: QtfQ~Q~gi e'Xp{-c 2£i /T). 

OTi 
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Vanadium Monoxide (va) 

(Crysta i) 3F/J ; 55.')408 

~~--gjbbs!mol ~~-- kcal/mol 
T, ~K CpO s· -(G~-H<>:blK)/T HO-H~:198 'H~ 

0 ~ 000 • 000 INFINITE - 1 ~t.') 1 102 .. 704 
100 3.321 1.60B Ib e 990 - 1.538 - \03 .. 056 
200 8.150 5.506 10.243 .948 103.252 
298 10.875 9.324 9.324 ~OOO - 103.200 

300 lO.Q1O 9.39\ 9.324 .020 - 103.197 
400 11. B50 12.682 9.706 1 .. 166 - L03.020 
'00 12.345 15 .. 381 10.628 2 .. 371 - 102$811 

600 12.794 11.612 11.616 3.6034 - 102 .. 581 
700 13.227 19 .. 677 12.b27 4.935 - 102.333 
sao 13.6'>7 21.471 13.022 6.279 - 102.0b5 
900 14.054 23.102 14.586 1.b64 - 101 .. 780 

1000 14.451 24.60] 1 S ~ 514 9.0B9 - 101.~479 

1100 14.839 :25 0 999 16~ 404 lO~554 - lOla 162 
1200 15 .. Z19 27 .306 l1a259 12.057 - 100.832 
noo 15a 594 ZB.53'1 18.0BO 13 .598 - 100.491 
14QO 1 ').963 2 9~ 109 16.869 15.176 - 100.140 
1500 16.330 30 0 822 19.629 16.790 - QQ.1Sl 

1600 16.693 H.S8S 20.362 18~ 441 - 99,.413 
nOD 17.053 32.911 21.070 20.129 - qf,) e03S 
1800 11.412' 3 3~ 896 Zi.756 2l~e52 - 9B e 657 
1900 11.761 34.847 22.420 23.611 98 .. 275 
2000 18.123 35.7b7 23.064 25.4Q5 - 97.89t 

--------------.---"_._--------------------------
2100 18.476 36 .. 660 23.090 27.235 - (n~'510 

2200 186829 :n 0 527 24.300 29~ La 1 - 102.602 
2300 19.180 38~ 312 24.893 31.001 102 .. 2M 
2400 lq~531 39.196 25.472 32.937 - 10l.893 
2500 19. S81 40.000 26.037 34.907 lOl.4<;11 

2&00 20~231 40.787 260589 36.913 - Hn~056 

Dec. 31. 1,,".13 

ov 

;Gf' Log Kp 

- 102 ... 704 INFINITE 
- 100 .. 975 220 .. b81 
- g80797 107.960 

Qb .. b13 TO.tH9 

964572 70.35~ 
94 ~l89 51.512 - 92.2'55 40.325 

90 .. 165 32.843 
- 86.116 27.511 
- B6 .. 103 23.52.2 
- 84 .. 124 20.428 
- Sl.178 11.960 

- 60.263 15~941 - 78.H8 14.275 
7Oo.nO lZ.864 

- 740689 11.660 
- 72oElS4 10.619 

- 71 01 04 9.712 
69.345 8 0 915 
b7.609 8 .. 209 

- 65.995 1.580 
- 64.201 7.016 

--------------
- 62.'526 6~ 507 
- 60.844 6.044 - 58.954 5.602: 

57.017 5. L98 
5~e21q 4.827 

- 53.311 4.487 

VANADIUM HO~OXrDE (VQ) <CR'.'STAL) Gf'," " 66.94"08 0 V 

~ 0.7 eibbs/mol 

10 K 

l!Hf~ ':: -102.7! 1.5 kCdl/mol 

.';'iif 29 s<.15 ':: -103.2 ~ 1.5 kcal/mol 

Mfm~ = t 13.0] /cecal/mol 

The a.dopted heats of fopmation for the vanadium oxides, and in particulilr VOCe), are based on the combustion studies by Mah 

and Kelley (1). The adop!:ed value is IIEC29a (VO, c) :::: -103.2 kcal/mol, as l"'e,?orted by Mah and Kelley (1). for- mot'€! details, refer 

"to the \.'205(<:) table C.~). We increase their stated uncertair.t.y limits of :to.) kcal/mol to t1.5 kcal/mol so ,\S to ITlOre adequately 

inclUde all uncertainti2.S in the exper'i:nenta.l procedure, ra.ther than just th-:; scatter in the final resul'ts, 

Other heat of fOl'llldtion results for VO(c) derived from combustion studie.s are Y'!;portecl as -102 kcal/mol by Samsonov (~) d.nd 

-102 ~ 1 kcallrool by Vol'f und Ariya (!±), However, the latter study (.::) also reported a cor!'esponding 'result for V 20S(c) which is 

5. 'I kcal/mol more negative than the adopted JANAF value (1). 0lde" work by Kobayashi (.§.) involvin£ water va.por equilibriwn on 

vanadium and its oxides and by Mixter (§) involving sodium peroxide fusions arl2 not considered. 

Heat Capacity and T:ntropy 

Todd and Bonni ckson (2) rnedS ur-i:!d the hea t capaci ty of VO (c) in the r€ gion 55 - 296 K. The sample, es timat:cd to be 98-,2 % pur-e, 

was prepared by heating ,J. mixture of V(c) and in a hydrogen 3tmosnhert:!. The hedt capacity result:; showed an anomaly 

similaI' to that found by Anderson (,§.) for • Todd and Bonnickson (1) concluded that the ~~20 calhncl in exc':!ss to that 

E>xpr::cted for a smcoth Cpo curve in th~ 168-19)" K was evidence of either an incomplete reaction in preparing VO(c) or subse-

quent dispI'Oportionation. Experimental data in this reg:ion was not reported. Using the Deby~ function O(398/T) dS suggested by 

Todd and Bonnickson (2), we ca.lculate sso ::: 0.291 gibbs/mol and HSO-HO ::: 11.051 cal/mol. The data are graphicdllY curve fitted 

as::;uming a smooth sequence of "data points" in the regiOl) 16P.-19l K. Near 2913.15 K the heat capdcity data. of Todd and Bonnickson 

(1) and 1:hc derivative of the smoothed enthalpy data of Orr (.2.). were constrained H) join smoothly. Orr (~)- i.lsed the same sample a~; 

did Todd and BonnickSol".) CD and measured the entha1py {fourteen da.ta points) in the- region 391~-l6Sa K, ThE: heat capacities de'dved 

from the Orr' (~)- data were extrapolated to To and above. 

The heat capacity, entropy, and enthalpy values at 29S.1~ K reported by Chernyaev et a1. C.1Q) ioy' VOx' where x :::: 0.86, 

0.99"," 1.24, and 1-30, led to valUes for VOCe) which are considerably lower 'tha.n OlJr a.dopted valu(ts. lor example, the Si9B value 

derived from the data of Chernytt.e.v et 0.1. (lQ, .£1) is roughly 1,3 gibbs/mel lower than oux' adopted valUe. 

Phase Data 

Vanadium monoxide crystallizes in the cubic 'laCl-type structure and is stable over a ..wide r'drlge of composition, roughly 

between the lir:,i t VO O• 80 and VO 1,30' Details a.nd many references may be found in Stringer' (12) and Alexand.er and Cdrlsor. <Q). 
Transition Data 

There exists a "-arge volume of literature dealing with transitions in the vanadium oxide condensed phases. ll1ese various 

oxides show widely varying electl:'ic and magnetic properties, as is discussed by Adler (JJ). In the case of VO(e), which has a 

wide homogeneity range, the reported data in the region of 120 K is conflicting. Sample. purity, stoichiometry, and preparation 

undoubtedly playa rr.ajor role in tha appearance or lack of appearance of a possiblH transition. Much of the litera.ture does not 

provide adequate sam-ple characterization for an unequivical analysis of the d,.,tii. 

Cond'clctivi"ty measurements by Morin (l.I) on single crystals of VO{c) and numerous measurements, inCluding NMR, by Warr'Sn e.t: al. 

<'J:]) indicated a transition in the region 11l1-125 K and 88-125 K, 'respectively. The transition wa:= described by Morin (;.~) as a 

semiconductor-!lletal type. This is fu!"'th~r discussed by Zhuze i:!t al. (1..:) and Hyland (li). l{o ..... ever, Ka ..... ano et a1. (1.§) and Tdkei 

and Koide presented evidence on electric and magneti.c pro?crties d.nd thermoelectric power for various vanadium monoxide:> within 

its homogeneity range which did not indicate any transition. "Recent stud:'es by Warren et a1. (lJi) also indicated no evidence-. of 

a transition and, in dddition, stated thdt the 5.'\mplc used in a previous study Cll) was mainly uS determined by x-ray 

a.nalysis. Many more references on this subject may be found in the compila.tion by Ne"uberger the V-O 

system by Stringer (1Q), 

We conclude tout there is no transition below Tm for voCe) based pri.marily on the work cited above (l§.-ll) , 

Melting Ddta 

Refer to VO (t) table for details. 

Sub] irna'tion Data 

At temperatures approaching Tm, VQ(c) is reported to yield a vapor containing V(g), VO{g), dnd V0
2

(g) (2). 

Refe'!'cnce.s 
~ Mall and K. K. Kelley, U. S. Bur. Mines RI5858, 195"::'. 

;: g~~~ ~~~~~~~rrt~:!i~~b~~~. i~~t:cil. 6;n-~i~5'~~ ig~~e!2~~;~:':, i?. 1826 g (195-8). 
l,. E. Vol'f and S. H, Arlya, J. Gen, Chem, USSR 29," 2~33 (195-9). 
5. H. Kobayashi, Bull. Chern. Soc. Japan~, 231 (19":]'3); Science "Rep't5. Tohoku Im~. Univ., 1st Ser. 11, 124Q (19)3). 
5. W. G. Mixter, Amer. J. Sci. ~, l~l (1912). 
7. s. S. Todd and K. R. Bonnicksor.) J. AID-cr. Chern. Soc. 21,389'1· (195"1.). 
8. C. T. Ander;wn, J. P-.mer. Chern. Soc. li, 56!1 (1936). 
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Vanarl i UCl l'i'lnclX i riP ('Ie) 

(L i qu i d) ,~f-- 6C. ~4C6 

T,0K 

, 
100 
200 

20' 
300 
'00 
SOG 

hOD 
700 
800 
900 

1000 

1100 
12(1) 

1300 
1400 
1500 

11>:)0 
1700 

76()O 
7700 
280') 
7900 
100r) 

.... 10') 
3200 
130') 
HOD 
~ 500 

CpO 

10.875 

10.910 
11.8')0 
17.34<; 

1?.794 
13.727 
13.647 
14.0'54 
14,4",[ 

\4.8:19 
15.000 
15.000 
15.000 
15.000 

1':>.000 
I? 000 

15.000 

n.ooo 
15.000 
15.000 
15.0rlO 
15.000 

·-~ibb~!mol---~ 

S' _((;G_w:~~)rr 

1;.,.')24 

n.19<J 
,".507 
)').707 
3,,>,8\<) 
37.8;4 

'38.1..122 
'3'1.731 

" 42. 

44.904 
4').516 

46.104 
46.67t 
47.?16 
47" T4Z 
48.2'l1 

48.f4] 

<)O.! 28 
'.iO.5&3 

16.524 

22.7\4 

23.604 
1 ..... '59 
75.279 
16.0b4 
76.816 

, 
2B.890 
29.527 
30.1 4 0 

30.731 
31 • ~ 00 

33. '390 
33.87? 
~4.1B 

"" •• 792 
3~. 2",2 

[)ec. 

-kl'al/mOl-

W-W~IS .:1HF ~GF 

.000 - 88~ 647 - ~4.20{ 

- 88 

- IHI.Z,a 

<;.089 - 86.921 

10. '.>54 86.hiO 
12.0'57 
13.')57 
15.057 85."06 
Ib.')57 IE, .462 

1<;.5'57 - 85 .O~ 7 
n. 05 7 - d4.90() 
U.'>57 - ~4. 776 
24.057 1\4.687 

?':i.55-r 6' •• 636 
ZL057 '10.094 

H.057 '10.360 
31 •• 557 90. 4 33 
)",.057 GO. ;08 
37.S; 7 90.587 
'39.057 gO .... 6D 

40.'>57 90.7'50 
42.G57 - 9Q.tI)(-

43.557 - 90.923 
45.057 - 91.013 
4h. 'i') 7 "'1.10 .. 

I'J7.1 

-

-
-

-

!!4 ~ 1 sO 
132. fl7 
81.30::1 

1'1.933 
18.60; 

14. 

13.631 
12.461> 
7l • .127 
70.210 
6<).l12 

68.aJO 
66.<)59 
6').899 
6".8'.7 
63.801 

62.758 
61.692 
,,0.400 
,)9,10/. 
57.BOb 

'.>6. '506 
5'5.202 
~d. 895 
5.:!."Pf 
51.275 

49.<j60 
.. e .644 

" . 

fAJI-: Kp 

61.776 

61.32~ 
t, ') ~ I 'l4 

~ 5,,53 7 

19.11'5 
24.54l 
21.120 
18.468 
lft.]5) 

13. 
I 

9.292 
8.60:'1 
8.001 
1.45" 

6.972 

'i.182 
;eO'D 

4,7::<1 
<..468 

".?O' 
>,963 
3.135 

3. "i22 
3~ 327 
3.1 V. 
7.<1'>7 
2. 7~0 

0'1 MONOXIDe (VO) 

S;9&.15 = [15.521) 1 gibbs/r:Iol 

= 2053 ! 1') K 

il0at of :oclJ1.1tion 

(LIF)UID) Cf'W:: 6&.9 1103 OV 
M-lf;9&,.l5 = [-88.6[,71 kca.l/mol 

~Hm~ = [13.0 J kcal/mol 

The he,,-! of i5 o::'.Jculdted ~-rom "that of the crystal by adding "Hm~ and 1;he d~r[cTenc" between (:-J;063-H;9e-) for 

the cry':t"l 

Cn' i." 7.:' 81bbs/f/;-a"tom. Below aSslJl'l'?d Rlass tri'W'ji.rion tenmeraturoe 12')0 K, C?o is ta.ken from the 

cl}'stal. The entropy derived in u Tndnner analogou3 'to that for t'le heat of fcrmdvion. 

'-!el!LQr; ~ata 

Alexemde'r and Carlson (1) ?ropo:;ed a diar,ra'n for the: "/-'VI de ter'l'inatio!lc;, di fferential 

therm...l ana]ysi~;, mE'ta.llo~r,-;phic observation:::, and x-ray paral1'etric ffi""m','oent" (1.) renort'd th<::t VO(c) (",eltS 

con/,r'ul.:ntly at: 10 y" \·/e a.dopt this value for ·-;'m. 

b1..'t the meltine ,hiS not congruent. 

,;truct'-Jr't: is st'lbIe over a. 0: l.or.'.')osition, a!", is di.,cus'.,cd, for examoIe by 

basnd \C;m~ :- G.3 r.ibbs/m-::l as in ~;aCl (1) . Since VoCc) hus a de:fC!ct structure, a comparison 

:lot cntiro::ly :.dt'lsfactory. ',.'e r:1,~ke this compa:ri:;on, hO'd8ver, J,!ndin<,: furtr,er .:I<.\'t<1. 

y,lPoriz.at ig.D Uata 

no daLe in l'Lt<?ril.turc deolinl:'; '...lith "the vd""'ori::/ltion of '/'lCe). T,.J~ iJ.".ti(~ipa.tc S'--lostiln-<::ial decomposi"tion 

'0 of V'"l(n. 'l'1(o:) tuble [uY>',h8r inf0rn',lt (-.2). 

Rcferf'llfi~.>: 

D. G. ;<,lcxdnder ,;:Hl O. Cc:tr:'son, ,-;,~"t. , _Z, (L9'1]). 

J. S'rin£'~r', ,T. L,~s;;-CorlFr,071 ~etal:; _~. (l%S). 

Tnl.rr!:'4)chemj cal Tables: :JaCl (c:, ; V0(r.), 1:- 31--7 1 • 
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( I ,i Dd i CdS) ex qQ. 

).:ibb~!IW)! ----_ ---keal/lllol ___ _ 

T. 'K Cp S' -H;'-Wlll~)rr H'-W2\<~ !'!Hf' J.(;r-, 
tOO 
200 
19:3 

"30Cl 
40J 
500 

600 
100 
SOO 
'1OG 

loDe 

1100 
1200 

lOa 

1':>00 
1701'") 
1800 
1<;100 
7000 

2100 

;:>t.oo 
2500 

2900 
10G0 

1100 
3;:'00 
1'300 
;\'.00 
3S00 

3600 
"37JO 
">'SOG 
3'lJO 
4000 

41 00 
4200 
4300 
440e 
4500 

4600 
4700 
4RDO 
4900 
5000 

'.il00 
'5200 
5300 
'5400 
'5'>00 

5600 

.00f) 
h."!'}7 

'. 
t. ~44 
7.7}0 
R.OII 

'I.231l 
ei.4()0 
'1.522 
n .614 
il.685 

'1.741 
10.786 
~. 824 
3.8')6 
I'I.B84 

" .910 
Fl.934 
Fl.9')"! 
'3.9"14 
9.010 

9.039 
"1.070 
'<.104 
«.tt,;? 
9.183 

'I. 

9. ',,15 
<:).444 

9. S0') 
9. =.,70 
<1.631 
"J.706 
9.776 

'1.848 
9.971 
<I.:;lQ5 

10. Of,,,", 

10.1"1 

10.217 
10.290 
10.163 
10.43" 
1 0.';.0', 

10.572 

11.047 
11.0'16 

tl. 
11. 
11. 

11.302 

.000 INF 11>1 rE - 2.097 
47.41-,f, "1.4t)' - 1. 401 
')2.30Q 55. il?O .704 
;'5.11;(! 'J'i.] ';0 .00(; 30.500 

011 
"'4.02e 
6' •• 9)8 

69.017 

70.614 
11.075 

71.511', 
71.911 
r2. )4\ 
17. 129 
n.103 

f3 .l.64 

11.813 
74.1':>2 
f4.<oil<) 
74.'199 

1').110 
75."13 
7':1. -rOil 
75."I9{ 
76.279 

76.5')6 
'">.f'lZI', 
77.09) 
17.)"'" 
77.n08 

7B.lll(· 

r9~ J 56 
r'1.284 
79.'>09 
79.130 
1<1.<148 

30.163 
,,0.375 
110.584 
80.7 JQ 
BO.<F13 

n 
81 
ill.77B 
al."16B 

55.!h,' 
')5.4::? 
56.016 

58.580 
59.ln 

59.B3 
60.268 
60.1 IS 
hl.2eo2 
61.725 

t2.167 
62.589 
62.914 

6".115 
64.461 
64.795 
6,).Il 7 
65. (.29 

6f..'>115 
1',6. (j 5 ~ 

67.115 
67.369 
&7.617 
67.1360 
68.096 

68.321 
68. '5"d 
68.175 
6;1,.9'11 
-;9.20] 

6<;.f<l2 
69.616 
69.1116 
70.013 
70.206 

-rO.H6 
ro~ 'i S 2 
70.766 

7 O~ 9'.7 
71 .125 

11. )00 
?t.472 
7\.642 
71.8]0 
7t.Q '5 

72.136 
72.298 
72.457 
72.f:d3 
72.7&7 

')ec. 

.014 

.761 
1.')'>3 

2.3t;,t: 
L19f1 
".Q45 
4.902 
5.767 

9. ?19 
10.1&6 

11.056 
11.'1';8 
11.843 
13.74C 
14.640 

15.542 
16.441 

11.3St 
I B.268 
19.\8 '5 

70.10'_ 
21. 030 
21.9<'-1 
22.1i96 
21 • .'138 

)0.4"16 
'10.29\ 
30.00t-. 

2'1.B51 
2"1.630 
29 .4G 1 
ZQ.15tl 
26.898 

le.627 
ZEI.326 
28.007 
2'1.664 
ZT .29? 

26.qO! 
26.4R<' 
26.034 
25.554 
25.043 

24 .... <11 
18.444 
17.791 
17.138 
I .... 481 

15.836 
1 S9! fiR 
I" • .,43 
13.9QO 
1).2101 

2:'L~n 

?l.0"37 
\8.150 

5.775 
3.71\ 
1.<,72 

.31,] 

2.3}8 

4.29\ 
6.228 
e .139 

10.024 
- lI.8S" 

17. 027 
lH.S?6 
19.'199 

21.446 
22.8'" 

- 24.264 
2':0.6"39 

- 26.99l 

24.7(1', 
2::,.739 
~6.o9c 

27.066 
2S.64C 

lZ • .:..?6 - ?R.)22 
11. 993 29.634 
1t.3h7 - 1C.G2"i 
10.7"'" )2.107 
IO.i27 3'L451 

2<).622 
3C.1>1C 

9.'l"i 34. 6~7 

" 
97.>339 ,So nt, 

34.04'.:> 
32.360 
30.66". 

]4.I',J8 '18.649 
,S.bt.) 98.81',7 
36.69il 9'l.093 
':.7. nil 99.324 
~ 8.781 99. ':'1-3 

)<;l.fl36 99.8Gb 
lou. 'lS" 
41.96 4 
":;.038 lOO.5e(. 
44.],11 100.856 

101.135 
101.4(,,0 

.710 
48.49"3 ll09 
4'1.600 311 

5".074 103. 
5').20', 103 

31. 1 ~"I.1 

'" 
- 20.405 
- I B.617 

16.'1 .. 2 
15.206 

- 15.460 

11.708 
9.9'.:>3 
A.iS9 
6.425 
4.ol.q 

2.812 
1.0tl'1 

.702 
2.'.97 
4.2q"1 

Log I\p 

1 NF IN[ TE 
6\.796 
2!'I.180 
17.U,p. 

I 7.03() 
\'1.494 

6.\96 

6.013 
4.46'5 
.3.3 1 ~ 
2.424 
1.71'1 

• 5fi~ 
.801 
.986 

1.153 
l.2Qg 

1.1,28 
1.S4 0 
1.618 
l.697 
1.748 

.1194 

1.932 
1.<l"6 

1. qt") 7 

2.021, 
2.048 
2.070 
2.08<; 

7.10::' 
2.11 0 

t.')44 
1. t.! ¥ 
i.2<J"l 

.969 

.968 

.17\ 

.o-'S 

.SRi! 

1-:1/ • .'G 

lll. 

0/ 
IH~': ',(). c, kC.ll/TTQl 

,11<.]', 

...s_ 

[' 

eJ'.ergy 

0.'1 

'!'-"(d ,. '/G(r:). "",signing th,,:sc 

IS")S Y. "I:'ld !I: (c'J!:'rc:;t<~:: 1:') I"TO:_:)p). '!l-j~ t-\,':l ;t:J<;:)lu:e 

:')r ')f ;3.6 .7 ;·Je 

~s rer:>orted l;) 

~h' lev,;l ha,:, a. qUclTltum 

'C!nctions 

'l.os,'r:bla:t (L~). -:'he .from the 

elect:"o'1ic lr'vels (l~hlcn i,clude m,,:1)' 10'" 

<1}-7',; '!0(c) ,mri V'1
2

(f,), 17-3l-7J. 

ov 

Y:lC"k, 1%7, 
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Tanta!um Di0xirl~ (T 

(lORa; Cas) ~~i ~ ?12.S4S8 

T, "K 

o 
100 
zoo 
'OR 

300 
400 
50:) 

600 
100 
tlDD 
900 

1000 

liDO 
iloa 
1300 
1400 
150u 

1600 
1700 
1600 
1900 
noo 

2100 
2200 
2100 
1400 
2500 

3100 
"'100 
HOO 
)40Q 

3500 

3601) 
3100 
3ROO 
1.900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
47:)0 
4800 
4900 
'5000 

510Q 
5200 
'HOO 
')400 
5'500 

,600 
5700 
'>soo 
5900 
&000 

CpO 
gibbs/nJol---~ 

..,'" -(G'-H~~8Jrr 

.000 
8.457 
9.527 

10.516 

.000 [NFINITE 
56.762 75.615 
62~'l"'9 6 7 .S87 
66.957 66.9'51 

1 o~ '.i 34 
II. lo()7 
12.01,1 

lJ.418 
13.1,.92 
13.557 
13.600 
13~ 641 

13.6F:
I 3~ 706 
13.73'5 

13.816 
13.64 3 
11 ~ A72 
! 3~ Q(J 3 
13.93') 

14.0AI 
14.122 

\4.164 
14.208 
14.2"i2 
14.297 
14.343 

1t •• 3I:lQ 
14.4Vi 
! 4~ 4A2 

14 ~ 518 
14.573 

14.618 
14.661 
14.706 
14.749 
14.7<;10 

67.023 
10.178 
72.196 

75.03'5 
7b.'i136 
18 .. 712 
80.2'57 
81.654 

82.929 
64.100 
8:L192 
at..18A 
87.1213 

88. COq 
Be.8N 
R9.62" 
90. )67 
91.074 

741 

qj. 

94.1">6 

CJ4.113 
95.241 
9').751 
9".244 
96.722 

97.181> 
<lr.63t. 
9R. 0 r:. 
98 .500 
QIl.91'> 

qq.320 
99.71'5 

lOO.l.ot 
lOO.I.n 
IOO.846 

101.201> 
lOl.?59 
LOl.Q04 
102.243 
102.575 

14.8)0 t02.900 
14, st." 103.270 
1'.~906 }0).513 
14. CJ42 10'3.[041 
14.976 104.143 

t 5.009 
15.040 
15.070 
15.096 
15./24 

1 ~.149 
lS. til 
1<;.19) 

104.440 
104.132 
105.01<;: 
! 05.10\ 
10'>.518 

1':>.2H 106.641 
1').232 106.8,)<;1 

66.9'58 
61.382 
68a210 

69. J66 
10.1 4 6 
71.111 
72 • .;)43 
72.93'5 

7r.4S'5 
78.t2'3 
78.74'5 
1<j,J38 
79,907 

81. 
A2.460 

82. nl 
1;:1.168 
81. flO! 
84.227 
A" .6JO 

Ii'). 0113 
H').4l ') 

fl5.7'n 
86.159 
Ab.SI'! 

86.868 
1'11.210 
61.'S4'-
87 ~ 8 rl 
RR.191 

868504 
SR.BID 
89 c 111 
R9.406 
89.694 

8<l.978 
90.2,6 
90.'5)0 
QO.1(HI 
91 .. ;)62 

91.322 
91.'H7 
91.826 
92.07:. 
92.311 

<13.2'53 
93.47rl 

HO-·H":ut¥ 

- 2.69? 
l.eA'S 
.984 

.000 

.019 
1.11 R 
2.293 

1.5n 
:'.7137 
6.080 
1.3Q2 
B.'Lq 

10.056 
11,.402 
12.1'54 
14.112 
15.414 

16.840 
16.209 
1Q.'581 

30.658 
32.057 
1J.459 

-kC'.iIl/moJ--

~Hr 

- 47.259 
- 47.364 
- 47.718 

'.8.000 

- 4S.005 
48.229 
48~408 

48.511 
- 48. 7 79 
- 48.888 

49.049 
- 4",.213 

- 4Q.38' 
4~.'56'l 

- 49.763 
- 49.96'.' 

SO.I73 

'50.386 
- 50.606 
- '>0,8)7 
- 51.0M 
- 51.346 

- 'Sl.622 
- 51. 916 
- 52.223 

5;>.5<,8 

- 52.692 

- S4~491 

- ';.4.962 

..lGf" 

- 41.259 
48.535 
49.'}58 

- 'jOe 39~ 

50.412 
51.180 
5t .896 

- 'i2.51A 
53.233 
~3. RoT 
>;4.460 

- 55.0n 

'>'5.652 
- 56.213 
- 56.75A 
- 51.290 

57.80') 

- '.iR.107 
';8.795 
'j'? 270 

- 0;9.733 
- 60~ t 62 

- 60.616 
- '<'1.038 

61.446 
61.838 

- 6Z.221 

6 <' ~ 5 8'> 
62~93 7 
63 ~ 2 74 
63~ 595 

- 63.'WO 

37.69C 55 0 4b/:l 64.190 
64.'.64 
6 4 vo07 
04 ~ ') 7 7 
64.5'\2 

- 56.016 
6S g )22 

.. 1.95<; &5. ~6<; 
(").191 66.401 

44.821 
""'.2AO 
.. 7. H.r.. 
"';:" 1 e ~ 
'50.620 

O:;<) • .r..43 
60.928 
62.416 
r.3.909 
65.40'S 

66.QO.r.. 
68.40 , 
6Q.912 
71.421 
72.'132 

64.1., 70 
64.39) 
6 / ... 301 

68.566 64.19f1 
69~I03 64.080 

I;,Q.6'39 6).947 
lO.Jn - 63.~02 

'O~ 703 
71.233 

- H.16l 

74.892 
- 75 • .r..01 

75.921 

- 63.094 
62.lla') 
62.6/2 
62.44R 
62.lLI 

61.959 
1-1 ~ 7 04 
61 ~ 4) 1 

1:>1.157 
~O.e.66 

77.454 &0.572 
77.962 ... 0.261 

154.61t: - 59,')2'5 
19.000 255.120 56.159 
dO. <;2? .,,:.., • 62 7 ~2 • 7 R 1 

Dcc-. ';-1, 1973 

Log Kp 

if.;F INI Tf 
106.013 

5 to.l'S') 
}6.9":'} 

t9.1"1 
16.620 
14 .716 
13.22Q 
12 ~ 0 36 

11.057 
10.238 

9.542 
6.943 
8~422 

7.964 
7.559 
7.196 
6.671 
6.576 

6.308 
6.0e:,4 
'>.8)CJ 
5.631 
S.439 

5.261 
5.0Q4 
4.93'"1 

".PH 
4.655 

4.525 
4.403 
4.71'1 
4.151 
4.010 

,."14 
3. R04 
).698 
).<;98 
1.50L 

1.4Q<;i 
). ~;>'J 
1.235 
:'.153 
l.OH 

2.9'i1l 
2.924 
2.854 
2.185 
2.7!9 

2.6'5'5 
1.S'H 
2.5H 
;?47S 
2.419 

364 

fa 
TAr-!TAi.UK DIOXIN: (TaO,,) (IDE<\L Gf,S) Gr,,; = 212.9458 T a 

Point G\"QuP 

:)298.15 [65,96! 80] gibbs/mol 

Bond Di::;tance: Ta-O:" [1.1;9J ~ 

ProdL\ct: of the 'loments of Inertia.: 

Sand Ansle; 

If/SIc = [6.lE9 x 

_4? • 3 '"; 1. ~ • 0 

.IS = -42.0 ! I" i") Kcallmol 

VibC";;tion--J Fregue:1cies ar.d De",-nE!rClCi'8<: 

~l, \:"1 -1 

971 (1) 

lV!0] (l.) 

~ 12 (1) 

Hea.t of tor'm",_tion 

'nrsh~'dJll, e'~ \1. (1) and I(rikorid~ and Carpenter (2.) h-J.ve r:'eserlt~j 'ldSS s':lect!'o~etric ev,\dence tn,,! the p!'edor:lina:1t 

the vdporizatic:1 uf Ta-Ta/\ Mixtures in ,'1 l<ulJdsen ~ells at'e ~'·1-; CJ..n,j Ta')]. As 1'1 'dit)l ~cl;J(<;) (~), the dbsolute 

Jf ";'-"')2(<=;) cdlculated !'ro-:l both stud'ies d:':fe:" by OJ f,-,ctor OF rC'.lghl..- 10'-"0 in ':he r~np">c 7(;?2-??7~ r, (~PT')_c2), R,,-sults 

)~ our s(,cor,J iil'd third law "ina1Ybi:> of the3e <1:1d othf;:; d<3.t:d I'\;e ])!:'esented. b"J 0',., , 

'\efe,~nce React 10n 

A' 
B' 
a 

Q' 

.67 

70.7> 

r>;raph -1:3.81 

k,:~l/rnol ~lir:, HI' kcallm')l 

lrd La' .... Lnd Lal1 ?,cC: L.:!,:,,-_ 

'I ;; ~~, 1 

-'}, 3~4,:; _~ 8. 4 ~+ 

-l'3.'lj 

Eecalculdtec! pressures usinp; Clevis and StE've~son "'-,et"hcd ro<, e",-:i."2tin~ ioni7:~tion cross s'::ct!ons (2., ~); p;'oce.cil.lre incr~3s8s 

by -,,3 kCdl/~ol, 

l:C!f
298 

refers to the heat of formation of T-3.0 2 (.:;)· 

A; Ta(c) .. O.~ T;:l,,'),{c) ~ Ta(L,(?') C: '1.5 Tci.(c) ~ 0,5 Ta'J?C~) ":'.iO(") 

B: 0.7 Ta( c) .. 0,1, D', T,J,(c:l j.. 'J?(?,) 

I\s ;"dS :JD<;er'ved in "the tJ.i:Jle the f'<::~;ul't5 of th9 s<::c:;;nd and law .irld1ys ie S:\O;'" consi,jeraDle sCdt"ter. \Ie adopt 

~) " -4t;',O Y,,:<l1f1101 :',;;I.",eo ?r;_:-".:.,:,ily or. a:Lalysis the :1'1t:l (:_011 :C\~h::"'a'1 et al. (1) fo~' the rcact:i.orl 

'+ '.:,5 T-:l.I)(~), thi.; "['e.:::c"tl~)'n ro'.lnd~d of 7'l,n ;',Cd}"'-O; ,]c!o~t:ecj 

18'ids to -'l dis,:')ci·J.t.Lon '",ner-;Sy )r; ;"5. kC'll/~,:Jl) for the ?T'o'.:e<;s -'1° 2 (:;) ... 7 ')(F,/, Tli'~ -!Cl.l,H' 

e:-,er~y Qf ':~')(f') 

1eil1:: i;..H)/lcity ."nd T:;ltrc,p'y 

[he plect,onic levC!l:; vibration,~ frequencie:; arc ,)-]o<;e ,,~ported by '.']elt:1c-r ,tnJ ~cLe00 (2). The result'S "IE::"E! :'0.Sed 0TL"" 

rncltrix i:iolation af "tt'dppeJ in arr;on and ilea;; 'Tlat:rlcCS 3~ K ,,,nd t; K, respectively. ""he inf-"ar(::d si'er.trUl~ ;,oilS i~ter-

preted to favor ,'\ bent in the ~rol\11d sta-=~. r~'1uf'1'ar: <;:t 11. (£.) r-eDol'Te,j ']-3'1 7 ((") i:; bent u,sl:d 0n the :jefleC"ticn of 

low 1yiniJ 'nol.ecular '~<1('J2 by .an electr,):;tatiC qu.drupole. ':"his IJttcr r.c<;c;lt ls dEpendent:, however, on t:De:"e beit:s. 
bd5~d 0:\ t~!,l ~lectronic "':-:1<;, frequency for 'the i\rouwl state hilS n,J! been observed but: i_3 e:;tir-,Jted "t'J be "300 

obs!:"ved v) " ?2'i crr,-l valu," fa!' th!:' 

lnnd olJ1J1e is ,~s1.1~1te,j to be lIf)O , 

stelte C!), ''r,e :01-0 Dond 'Ji~,tance is e-:t!'1;ttcd to b\l the S1"'l8 ,J', Ln T,\rJ(,() (,2} whe!'e""s 

~t shOUld bf: nocei th3.t the free (:nerr;y functio;;':; Jsed here ,Ire ('ou():t"lly 7_4 "i')b,,/n'J.le ""ore p0~itiw: than -::hdt :>\lr;~c~,t'.!d by 

i3rc',,;cf' i!nd Ho:scn01cl.tt (.?..! ~or linear ";']')2; t:,c "t!',iY'd L1W Jl-jr29'~ vi'.l'.lec, i.:" the ab,,·,-~ table 'No'.lld dlan"," b'i "".5 kc-:ll/.,.I"L 

~~ for ~hQ2(P,) 

s. 
C. 
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];eferencfs for :a1( r>;) 
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'{a,s <::pectronetry," \'''1. L. Ilead, I:d., The 

,rid f.); V,,(,;1 ;Jb')( p;), } 2- '11_71, 

]<;Stl [~hen. 18277h (19Gl)1. 

Ta 
:i n '1ass "p8::tro~'~Lry, " ',v. L, >'k-::td, ~:::l .• rh,; 

in,,;, ,:J., }\c;:tjer.,ic P;;-ess, '[",',.:r York, 
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Titan iJir)xide, iVatasr, (Ii 

(Crystal GF <,! 7'),8988 

)£ihb:!>/m!)l ~~- , ·k.al/mol--

T, K ('p' S -(C'--)f':l1I~j/T 1:I~-H"2:>~ .\Hf' ..i.{;f 

.).1J 1 ',! J ~ ;>,'l.h' 211. 
\.), '. ~ I J .'.IJ" /1. ,2u i.902 LI";.h7 

, ~ •. I.), :'0'-10 1.1 ..... '.') 1.1"1 .' ~ ~. L( (~ 

1', 'J 11.1L" .J.).) "~'" j"J II" 

J l'~ ;,;\',:', 11,'">'2'-1 .J2'. 2c<.}/,) ;,I"J 
',\l.; 1:>.1;-; It.,.!) 1,4')/ 7/4. ;:>0 
')"" L.2;! ~ I,. 'dt 1,.')(,,4 j,J::''''' 2" ... ..;') .. LJL.L,?2 

1-:..",,) ,: !. ~ I' .. " ~;, ".ro,) !!l.lIl, 1 9 1.<1/'1 
{"'" ~ I • (".Il' 16.147 tJ,4i6 .U3.')')'/ j<j).')h 

:I.lL: \i.!,) .:7.(,"'<- 1'.4"2 :1.1(.." L': j ~ 31 .., itl'>.)ll 
)(l( j{",,:" .~ ',. 7" .. 9.'1',:, "":]."'J"1 l<.l::',,"'if) 

.lJ 31.GY. ~ ',. J..,.::- 11.IJ'i 161..1.,\(,,,, 

L. 1 ~.! ... j. --,', ~ .: 1 • J4~ L--" .. "" 2U.71,1 I. {".v(,L 
12,.)1 ~ 4. ; ;l, ),.13'> ,".;l6! ~ ~!>. 4':11 ~ !2. ", ';0 W 
13,)v ~ <:>. >', i' 2 ".[ 70 IT.](.1I..> <'2}.2JT - It>e>.207 
1'·J0 iJ.' .. .., 1 I. 1::> ~ ~ ... 1 7v H.Olf ::2<:.-,',9 1& ...... '".:. 
1'>:),) j".,"'v )'-<.02, ?'J.llJ 2,)'0.,4 2U:.Ilt1 l~' ... {70 

1 L._ ~ ]".',31; 4u.2J'1 26.,)2-. !2.t,'j') .:.'-2." rr I.,,':>. :11 
'd.).:/ ~ ( • ,\ <; 2 .:: •• '>3Y ~ .. 2 0 ;"~ lSI. vv 

! '." ~ b I i'.r. l", 
18.2.>7 1<0:. ,L,') 

-~ \-~ .-0b":; I:''; ~ )'. 

June 30, L9n2; Sept. 3D, 1966, Dec. 31, 1'0173. 
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~ 1. ! I! 
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2'.?f':l 

21. <.':> 1 
IJ.4(.<o 

1".>:Jl:;> 

)101. 1 1)1:, 

:5 :'1. 

C'] (ll'u:,:"",,, ,·1 

~Jl;rD0I~a 

5, 

'l, 

In. 

11. 

l? 

]~. K. 'J. K::'l::)'nd R.l.o. 

1!1. 1,1. F", S:.Jl1 iVOln 

'-1. l.lanchevo;k.".,"u 

:h:;ehrje.r ·i3.~1u ;,r.d L. T'1,:,n;:;"3.">" •. !. '~T1er" 

C~ra-,. 'Soc. :::.2.1';7 (1359) 
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Titanium Dioxide, Ruti Ie (Ti0
2

) °2Ti 

(Crystal) GFW = 79.8988 

gibbs/mol---_ kcal/mol 
T, OK Cpo so -(Go-H"Ds){f W-1t'2.II11 IlHf' I>GI" Log Kp 

0 ~ 000 eOOO INFINITE - 2.064 - 221,..631 - 2Z4~637 1 NF I NITE 
100 4.422 2.424 21.424 - l~ 900 - 225 .. 301 - Z21~~07 483~447 
ZUO 10.041 7 .. 363 13~t38 - le 155 - 225.710 - Zl6~925 237 ~ 045 
298 13.11') 12.020 12~ J20 .000 - 225 .. 800 212 .. 589 155.832 

300 13.214 12d02 12.020 .024 - 225.800 - 212.507 154 .. 811 
400 15 ... )1e 16.174 12 .. 503 1.444 - 225.109 - 208.086 113e 693 
>00 10.062 19.~>4 7 13 .. 642 3.002 - 225.528 - 203.701 1:19 .. 038 

bOO 16.71 4 22 .. 637 14.698 4.6""4 225 .. 307 - 199 .. 356 72.615 
700 17.l52 25.248 Ib~ 1<,14 6.338 - 225 .. 017 - 195.0.,.9 bO.897 
800 17.466 27 .. ')60 11.473 8.070 - 224 .. 853 - 190.776 52.117 
900 17.700 29.63l 1 B. Hl 9.828 - 224~b"''j - 18b.528 45 .. 295 

1000 11.890 31$506 L9.898 ll~ 60a - 224 .. 456 - 1B2.303 39.842 

1.100 18.040 33 .. 219 21.032 13.405 - 224 .. 267 - 178.095 35 .. 384 
1200 18.170 34~ 794 22.114 15 .. 2L6 - 225~O76 - 173.86~ H.6b5 
1300 18.290 36 .. 253 23.1 4 6 17.039 - 224.824 169.608 26. ~ l'o 
1400 Ie. 3'10 37.612 24.132 18 .. 673 - 22'0 .. 583 - 165.371 25.815 
1 ~oo It) .. 480 38 .. 884 2'5.073 20.71.0 - 224 .. 356 - 16l .. 149 23 .. 479 

1600 Id. ~oJ 40.079 25.974 22.568 - 224 .. 144 - 156 .. 94l 21 .. 437 
1700 18.640 41.207 26.837 24.428 - 223 .. 949 - 1'52.7 .. 7 19 .. 631 
1800 16. HO '02 .. 274 27.666 26.296 - 223" 715 - 148.~6~ 18 .. 036 
1900 18.780 43 .. 28a 26.461 23.170 - 223 .. 623 - 144 .. 390 16 .. 609 
lOUO 18.850 44s253 29.221 30.052 - 227 .. 939 140.071 1::' .. 306 

l-J_O_O _____ 1~! ~ ~9 _____ 4)_ .. _J,L~ ___ "_~'l. 9Q.5 _____ ..l.1..'L '!~ L __ :-_ L2J_. _8_t:!~ ___ ~ _!?~!.? 1:L _____ 1:. 't'!..!_ ~g 
2200 la.~80 46.056 30~676 33.836 - 221 .. 672. - 131.297 13 .. 043 
23QO 19.J4Q 46.901 31 ~ 363 35.737 - 221 .. 531 - 126 .. 919 12.060 
2400 19.100 41~n3 32.0;:'8 37.644 - 227 .. 402 - 122 .. 545 1l.159 
2500 1'l.i60 48s 494 32.<.>71 39.5!>7 - 227 .. 267 - liB. LSI LO.331 

June 30, 1962; Sept. 30, 1966; Dec. 31, 1973. 

TITANIUM DIOXIDE, RUTILE (Ti0
2

) 

S;98.15 :: 12,02 :t 0,04 ~ibbshll:Ol 
Tm :: 2130 !: 20 K 

Heat of ro~ion 

(CRYSTAL) GFW~79.B98S 02Ti 
tlHf~ :: -224.54 to. 3 kcallrnol 

6Hf;9s.rs :: -225.8 t 0.3 kcal/mol 

bHm" "' [16 !: 4] kcal/mol 

tlKfo is the value obtained by Mah at al. <_P in an unusually thorough study by oxygen calo-rimetry. Eighteen combustions <l-.} 
of three well-char'dcterized samples of titanium metal led to a selected value of -225.8 !: 0,1 kcal/mol. This is comparable with 

other oxygen-combustion values of -225.5 ": 0.2 (2), -221.1.9 !.: 0.4 (~) and -225.3 .t 0.3 (~) and a. flucf'ine-combustiol1 value of 

-725 ! 1 (.§.) derived from the peaction Ti02(rutile) -10 2 F
2

(g) .... TiF 4 (c) -10 02(g). No experimental datd wErre giv.o:.n in the latter 

study (2). 

The 1967 JANAF '.table (2.) assigned an uncertainty of ~l kCi::Ilfmol to 6Hf c due 'to possible uncertainty in correc'tions for oxygen 

deficiency in the rutile produced by combustion (1, 1). "The ato~i'C ratio O/Ti in the combustion pl"oduct was determined by ignition 

to constant weight in air (1. _V or' in wet oxygen (1) at lOOO°C. Ratios obtained were 1.965 to 1.994 (.!>, 2.00 (~" and aDout 1.95 

(1). Mah.'s co:rrecr:ions to the stoichiollletric composition cO!'T'espond"to a.bout -0.8 to -1.7 kcal/rnol in l'.Hf". OUT' opinion of the 

reliability of these correct:ions has ch.anged due to new information on the crystal structure, t.Gf~ and llSf o of oxygen-deficient 

composit:ions (1, .!!.), I".ah's O/Ti r,'!;tios are at compositions where there appears to be hysteresis in measurements of the oxygen 

potent:,ial nedr 1300 K (2). The full ran'Se of the hysteresis corresponds to less than 20\ of the oxygen potential. We assume 

t:hat this percentage is an upper limit for error which migh't be introduced in the corI'ections of lIGf o and llHf" from the obser"ved 

O!Ti ratios to th~ s'toichiornetr>ic composition. Thus, we assign an uncertainty of !:0.3 kCill!mol to r,Hfo :: -225.B~ but .note that 

the less negative value of -224.9 t 0. 1• kcal/'!lol (~) is one of several ~lterna'tives ror minimizing the deviation from integr"al 

values of tJCr
Q 

(2) t'ela'ting rutile to Ti 30S at 1304 K. 

Heat Capacity and En"tropy 

Cpo below 300 K is bused on data of Sandin and Keesorn (~, 0.3-20 J(), Du!;dale et al, (12..12-270)0 and Shomate <g, 52-298 K). 

Smoothed valuE'S rather t:han data points were rep0I'ted in the HI'st two studies (2, .!Q) and only in the !',:\nge 20-50 K by Dugdale 

(l.Q). Dugdale's deviation plot indicates that the smooth curves (1:.9, .!l:) agree within abOUt" ~O.3\ above 77 K, but at lower 

temperatures the data of Shomate show a positive bias increasin~. to over 2\ at 52 K. We adopt Dugdale's cUr've below 80 K and 

calculate S~ by polynomial integrations of Cpo. The extrapo13"!:ion below 0.1 K is insignificant. Cpt> ddta (69-295 K) of McDonald 

and Seltz (11) are omitted since they are roughly H higher than "the adopted Cllr've. 

Cpo above 300 K is from constrained fitting of enthalpy dat"l. (763-1746 K) of Naylor (11). The point: at 394 K is omitted due. 

to positive bias {",,5'!;) in the drop calorimeter at the lowest "temperatuI'e; a similaT' bias is obse'rved in Naylor's dat". for' the four 

other titaniulll o'Xides and in materials such as l1gF
z 

studied a.t nearly the same time. This bias and the low purity (97.9") of 

Nayloro's sample are unfortunate; they favor "the selection of two more recent enthalpy studies (12. • .12.) which conflict with that 

of Ndylor'. The adopted curve is favored, however. by four enthalpy points Observed at 965 K by Navrotsky et al. (l.§.) and by 

comparisons with Cpo for Ge0
2

, Mn0
2 

and V20 4 , which ha.ve the same crystal structure as rutile. 

Er.tha1py data of Lietz ell, 57B-1283 K) deviate from the adopted curve by .at: all temperaturesj similar devi'3.tions occur 

in his data for Ti0 2 (anatase). Dat:a of Slyusar et al. (l:!±, 645-1990 K) deviate by ~,,-~% below 1136 1< and by -1.7 to +-3.4\ at 

higher temperatures. The discon'tinuity of alrrtost 3% in the data near 1100 K seems to cOr'respond to the temperatu!'e at which the 

authors switched container ma.te!'ials and tempe'rature sensors (.!:!.). Data for Ti
2 0 3 , Ti

30 S and Ti~07 (l!:!.) also have discontinuities 

in 'this rep;ion; the data below the discontinuity for Ti
2

0
3 

show ~ negative bias like rutile. Moreover, the authol"s (~) report 

l'lr. = 2014 K, which is ""100" too low for r'..rtile. Other data are teo scattered (1,:0 and too uncertain (li, ~) to help resolve the 

difference with Naylor <l.V. 
These discrepancies cause us to reject the data of Slyu5dr e't al. (~) and to consider as coincidence the agreement with 

Li~tz (12). 'These two dat~ sets yield Cpo values deviating fr'om the adopted curve by -0,8 gibbs/mol at 700 K) 0.0 a.t 1100 K, and 

+3 at: 7000 1<. New data on a pure sample of. rutile are needed to T'esolve the di.sagreement, We note that use of the r-ejec"ted Cp~ 
is one of several alte.rnatives for minimiz.ing the deviation from equilibria (2) relating rutile to Ti 30 5 at 1304 K. 

Mel ting Data 

See Ti02 ( n. 
Heat of Sublimation 

D.lls 298 :: 152.8 1: 3 kcallmol is calculated from D.Hf~ (Ti0
2

, g), 

~ 
Sublirna"tion makes Ti0 2 (c) deficient in oxygen. 

1. A. D, Mah. t::. K. Kelley, N. L. Geller"t, E. G. King and C. J, O'Brien, U, S. Bur. Hines RI-5316, 1957. 
? G. L. Humphrey, J. Arner. Chem, Soc . ..?l., 1587 (1951). 
3. S, M. Ariya, l'l. P. Morozova ~_nd E, Vol'f, Russ. J. Inorg. Che'f .. 1,16 (1957), 
4. B. Neumann, C, Kroger and H. Kunz, Z. ,.'IL"'lorg. Allgem. Chern. 218; 379 (1934). 
S. B, D. Kybett and J. L. Hargrave, Rice University, Tech. P.ept. AlfIT.,-TR-65-123, Aug" 1965; Rev_ Sci. Tnstt'. fl, 675 (1965). 
6. JANAF Thermochemical 'Tables 1 Second Edition J NSRDS-NBS 37. 1971. 
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Titan um niox de (Ti0
2

) 

(1_ qu i d) 

T. 'K 

I.)) 

\ 

\",,.' 

l' h.': 
l r~lJ 

i )~''': 

/6JlJ 
dJ:: 

.:I'Ve' 
-\4,;" 

J'>J": 

!(,'JC 
,17U-, 

)'}JL< 

Cp" 

i'.\I; 

Ii. 
j",.), 

;',.f) 

11.\'1 
!f,I,,) 

L/.f) 
If", 

,.,oJ·,-· 
Iloll"' 

,-,.J); 

-,.,.1) 

' .. 
'" 

" 

" ' •• J)) 

GF'N 79.8988 

-I?ibru/nwl --

S" -(C;"-Wr.I<)/T W-tr~~ aUf" ~(;r' 

il.?'"!l 

I,ll? 
ii.,-'.:. 
,'I·.!IT 

.i 1 ."I<)r1 

'1-':. 

1.2'''''j 
.1,.·<'),)7 

\".7il 

jli ... t;C~ 

.J.),,') 
... 1.)2<, 

·, ..... _'\'1 

.. !.lb" 
-,7.'",3 
,~. J 1 " 
'>,).ll? 
:i1.,'.' 

~ J. J I ;I 

,,,.TI! 

5 I. I'.~ 

)'1.'11'; 

:J).li<, 

~ j. hd 
l·£.123 
(,"1,'.,->1 

G',."'),) 

(.I·.2ei! 
0G.j<,o 

[,l .... rl 
0'-'. ~ ,<I 

]l.Ul 

lr.,!-jJ 
If."I),. 
1 ~ •• 'J : ;,: 

').\'Hi 
1.4 /,:, 
~. 1-.4 
J.il>l 
).\(,,, 

,'h. 

". 
)l..l'>7 

\ i . ~ )2 

)2. lOb 
j).J)(. 

3~. h3 
~ <'. "J7 

31.01':>'-' 

j<!.6)c) 

~ 'I. ',U '. 
:'L,.IJO 
.. J.{1f) 

'<1.4)';1 

42.Jjt, 

<'1.1l( 
(.3.j,'te 

.. ~. -I? ~ 
<'".')!Ll 
1.:' •• )'J"2 

4':0.64: 

41,. I ~ 01 
41>,1,'",-

4!.Z",-r 

"r. ftd 

• J ~~) d'.(.tl'o !J2.l)<,~ 

- II i.6H'< 

1. '." '. ? 1 ). ~'>'; 
/Ji.9f3 
['}d.Ole; 
1,<4.221 J. uu.' :' I,. <. ii 

[,.b'.:. 
[').33<1 

11.6"t. 

:\'40.-, 
\-'.llo 
17.03') 
j'l.<H3 
,0'1.27; 

23.613 
LI,J.J!5 
2t1.4/J 
30. 'll ~ 
H.2n 

'.'>.2i1 

" 7. I.> i ~ 
,):Jolf3 

5<,.,,7', 
54 • .J1J 
5 r. 2. iJ 

~ 9.1:> 7 J 
62.ll1; 
1.>4.'.7\ 
(,t.. d lJ 
6 ~. i f3 

l'1u.'.: .. d 
ldo.623 
id2.6 fl 
1 f'J. 1 ~h 

- 1 (5,4:'8 

ill 11l.7f~ 

212.70') 
.'lZ.4t( 
.?li.od4 1')0.':<':>'1 

210.')';[' 153.3.)'. 
.!10.iJ'i I'.'}, 1 ')C) 

.'tj')"'I.H L40.224 
14l.12'-1 

?12.hu3 119.11') 

21cl.l'':>:J 1"24, ,,)6 
,:'J'1.43b .21,11£ 

117. ::>'11 
;\" • .J'1" 

2JI • .,,,':I 11cl.u!u 
200. ",'n lor. ~<;" 
<-.)o.'.JJ lJ.I.{::>i. 

- l.O;,.b0( ,...:0. Htl 
<lJ:>, <:'1 '! 96. -.!.'J 
20". l>" ~ 93, '> ':>.\ 
<l,jl.,.0::'t, .,lU.l ';4 

~ J.I. 43.,l 36. :l')u 

3.)4.::':1.. I:n.2(," 
- J05.';,1j - 7f.tJ.) 

7D.4 () 10 ~. ",.i tJ 71 • tj 10 
7';j.d73 J02. h; 64 • ..,J2 
;:\1.,:(3 3.)':.2,,1 )1,.1;,1<.) 

June 30, 1962; Sept. 30, 1966; Dec. 31, 1973. 

°2Ti 

In!! Kp 

!4d.l()3 

147.137 
10S.ll'.> 

·j, •• ')'}4 

G~. 3?," 

~rl. Zet. 
4·~. '1(,0 

4 3. ~0') 

3J."'" 

34.11.'1 
1.,; ..... 1/ 
2f.'J2'-1 
2'). J (6 

l2.1:I(,';I 

l'J·,l';>j 

17.754 
1(,.41 M 
1'> • .>..:..' 

to' 
11.1'>1 
1J.5f.lu 

'l.t:",'. 
".?,I'> 
3.'"..1" 

1.')::./ 

( .... H2 

6.1--Jt. 
S.7'id 

~. ) ')'S 
t •• ::>'>,> 
4.,):)4 
3.1.,11 
1.213 

(1'[0
2 

) 

::; l J L {91l r.ibb:o/mol 

. 
~!-'~~Lr.Qrmation 

(l.T'"-!'JID) 

lit ~; 'j 8, l5 " [ 

,~fImo '" ('.I 6 • l~ J 

r;nl ~ 79.8988 

58 11 J kUll/mol 

is calculated from tr .. ·n of bv addinp; ',;-:;!~. to th8 in :,n-1I2)3) bet'F:E'n l~,-,tilc ,J.TId liquid. 

~c!ilt Cd!)ilcity <1nd t::ntroDv 

C!J" 

I)'!() K, CP" 

e$timCltcd ,,<; g.ibb'/';;;-Cltorn by comoarison I1lH', 

taken to b\'! trj~ th':lt of i 

~l~ltin[ r)cJ.ta 

r"'nfW ,",13 ~ 10 K 

int~t'Dreted 1: he· sh,-,rn inc:r~ase 

Th" 

::olor 

c:)]nre-j 

thf' as:>umed glass t-ri'lr13it-ion at 

that o!- "Hr o
, 

[i[;ht of resul ts fall in tile 

15 K 

o:<:'/f,en pri2'$su!"es. The aurhor'":; (~) 

E' oxygen deficiency in 

higher oxyg<"n pr~ssur~'5; 

?cl10w. Tho oxye:'~n d",ricicnc'l "\ny h;:;ve be~n r,:rcdler' if there was 

of similarly 

.::,HmO> 

dat.J :01' i~o.,truc:tu1'dl V20 r,. The res"ltinr, 

\Ilm· of Hi ! I) Kcal/I'lol m,,'; be cornndr'Fu ',,'it;l aClilroxi:ndt(~ '\II:1~ cJc:rivcd bin:lr',' \:,tL·tS(' d .. tiJ. We obtain 12 KCdl/mol 

from the ~inary with AJ (~~), ko:::a1/,,0] 

The-~c .",du£'; ,H'e ,jerived calcuJa-r: 

aJpal"('nt: "to (Tm- 'T') j) in ord0r' 

ide.ll':ty, in the birl<lrv 

R(' fCT'CnC"cc; 

S. J, 

r.. ~~. Buntin!". J, 

D. £:. Rase 

s. 
J. 

Bur. 

(I9E.R) . 
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1.'H2 
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')1. 7..;.)77 
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14.'<37 
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1".0\':' 

i4.t14 
14.73':

L4.fd/.. 

i.5. 
61.~9[, 

!6.8:'t. 
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('>.1Jl 
'JO.1:3J 
>;}.''19 
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tj3.Z11J 

')0.211) 

dtl. '~4 

d7.Jd 
9<l.IJ 
:!IJ.f3 

d9.'l,J' 
(,C).l,ll 
y".c; 1" 
'JI· .. J2 
'I'.J!) 
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"<'.''d') 
'I' •. ao l 
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'1:>.,),.1, 

'-I'). '104 

',,,.2')') 
11.·5'1,-, 
"I1l.·n" 
Ql.d.>3 
<jl.'i'H .. 

'/7 ... J 
'.,l;:.2 " 
9!l. ':J oJ 

'hl.d I-} 

'-1',1.1 .. 

14.!:I3! 10,1.2"9 
'QO. ',iLl 

I ' •• YJ7 1]. ('ii., 
1".96' C .J":; 
! 5.83(:, ~. \If. 
1:'. J 1<, • ~ 7.1 

t',.; '.l O. :l,i:/ 

n.151 
62. ,76 
6:. '-0(. 

(,4.H,,,' 
t'i.:V.4 

bO. J09 
(,7. ~42 
{,8.134 

(,8."'8t
,",'J.191 
70.,)lQ 
71. ,03 
72.)11 

7j. bolo 
1). Ih! 

LL 14~ 
r l,.',)! 
1<;,.10'-' 

7':>.1,,:>; 

7b.Ldl 

71.0:'0 

13 

9', 
15 
2' 

0;:".2.\') 
".].)j4 
c).O)l':! 
81.!4') 
!:oJ.rOj 

[\2 • .]49 
62.1"." 
<-'2..12") 
ij3 • .)l • .., 
d;·Y>2. 

u'.c>72 

,,4. ~ 50 

85.131 
R') ... 0o 
1-1<,.6'0 
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li6. '01 

"t·':'57 
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c-.f.1S7 
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f2.!"" 
f3 .. h.J,,) 
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':'.7'd 
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1 :;.'-tl':> r,,_ - 70. 
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2J. 9~2 
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BOO 
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1200 

1')00 

1600 
1700 
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IgOJ 
ZOOeJ 

2100 
uo:) 
2300 
2~JJ 

2')00 

2600 
2700 
2600 
2900 
3000 

HOO 
3200 

3,00 

4000 
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I.2uO 
10300 
.. ... ')0 
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4600 
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'i7Ju 
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--j.!ibb.~!mol--- ----kcal/moi--
CpO 

.000 
8.4'';7 

~~ -\G"-WZ»>I}fr W-W"" ~HF ~Gr' 

H.022 
1).\t!9 
11.314 

13 ... 11 
1 3 ~ 4 ':Ie. 
13.545 
13.593 
n.632 

13.66:' 
l3.692 
1 L ll~ 

13.7'.>'.0 
13.151 

13. U,Io 

11. H8 
13.189 
D.799 
13.608 

U.BIS 
"22 

tJ. 

13.6 .. , 
11.1)41 
i'La"l 
13.8':>(, 
11.8';;7 

1 ~. fill 0 
13.861 
1).8u? 

868 

11.H Z 
13.8 I, 

1:L 6 'S 
07 

Ll.seD 
1).S81 

13.>185 
t ...... 68b 

887 

.000 
S ~. 11:17 
S'J.3'12 
63.114 

(:. 3.439 
66.587 
69.200 

7l.4'., 
n.3S3 
1'5.101 
7b.6<;1 
7.13.048 

11. )21 
AO.Ql 

'79 
83.518 

84.H'l 
8'j.228 
86.012 
£;-:..7<;4 

sr.45'1 
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<l.8. (11 
89.383 
89.910 
90.5$'" 

9 1. 0 7f'> 
CJl.SCJ7 

OS4 

93.508 
9).94::' 
9 .. ,114 
94.7,,7 
Ci5.189 

97.040 

97.3iB 
'n.717 
98.044 
9B.363 
9'l.61~ 

98.9RO 
99.278 
99.570 
9<).8'>-' 

100.137 

10 .412 
lC .652 
to .9 .. 6 
10.20e 
10.461. 

13.8>1<) 10[.711 
13.ina 101.95; 
lJ.8Ql J02.Hfi 
13.892 102.1,)11 
13. S<lZ l:J2.6"<:; 

/;>l,.302 
63. H4 

63,)71, 
6).791 
64.624 

6'5.577 
66. S~t'> 
61,')19 

t-a.4:'0 
6<),,41 

H).t'n 
n .001 
n.773 
U .• 5l0 
73.213 

"(J.885 
7<0.5.23 
7':>.144 
15.736 
16.305 

'" "!8.J7Q 
711.3"4 

79.311. 
H.759 
80.191 
80.610 
Bl.OI! 

81.41 j 
Rt. 

<lZ.i'i93 

(,3.240 
83.579 
83.909 
P.'".212 
tjl,.548 

84.11:'7 
85.1'59 
05.4')5 
80;.74'; 
86.02') 

86.307 
86.580 

sr.621 
117. :"169 

88.l14 
88.3'>4 
'18 • ..,Cia 

eR. 

89. ·",6 
119.71 ) 

Loge 5'5.10... 5':0.\06 
1.8,11'3 5'i.110 )6.119 

.982 55. :v • .; - ')1.0:"", 

.000 - 'S'5.60U - 57.r;!,?3 

55.60'; - :,7.9,T 
5':>.832 - <;8. 54'S 
'>6.027 - "9.200 

3. SIt, %.201'0 59.818 
4.77<; "6. '363 bO.1,06 
6.070 - 50.567 - 60.969 
-r. )81 %.761 01.')07 
B.7G7 - 50.'H';> 62.\)23 

lO.O") '>T.ZC6 62 
11.)dB 57.4<'8 62. 

57.734 - 63. 
- 51l.03b - 63. d6b 

lS .... .,8 58.366 - 6 ... 271 

58.723 - 64.6<;4 
')9.10& 
5".525 
5".9H 

- 60."1;,j 

,,0. "t'f., 
1.>1.02') 
67.M6 
6tLll1 
68.965 

30. ~b 1 09.620 
31.<;62 70.281 

- 7Q.q4':> 
71.615 

36.112 72.288 

37.496 12.96'5 
}8.880 n.648 
40. 26 ~ 
41.650 
I,).OH - 1'>.715 

4 ( • 19 ~ 184. 
1."1,)81 1'34.4eo4 
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5::'.?lr 1%.241 
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70.H 191.399 

12.lH 
73. ~61 
14.956 
7".3 .. ':> - 1 ':13. 640 
77.73<. 19 ... 22') 

L\!c.31. 

I.og Kp 

JNF IN I ftc 
il2.to4., 

62, :Li'J 
42.313" 

". 

21.7d9 
18.860 
16.656 
14.936 
13.:'?? 

l2.421 
11,1.72 
[J.b6S 
q~'Hr) 

'1.364 

8.811 
)'J.3'J<l 
1,<) J4 

::-;1 ()XI D"E (V0
2

) 

-;rou,? [C
2 

... , 1 

lS::: [f,J.J·'! 1."1 zibb:;/mol 

Sr;a.te ')'.lc1:H'.lln [2 J 

Bond J~5ta~,(·c:: 'i-O [~.S8']} A 

Bone.! A.ni31e: 1- V ') [11'," I 

Pl"Ocil,ct 01 the of I'Jcrt~_Cl: TAT8IC 

.:k.il!"_9~ 

(1DL,\1, r;"',<:: I 

[n0 J (1) 

[3111 (1) 

[ ']:n J (1) 

x FI- 115 } f.\-:r:l 6 

02 

o~v 
G':"v,' ~ • :)4,1] c:.. 

\Hf,~ .:; -S5.! ": F) (J kcal/mol 

IIf238 .S ~ 1"." kc.tl/mol 

rour' i nclenendcnt 5f)ectromet:ric studi'~~ lead to vo-,lues for z) 2. et ttl. (2) studie':l ""he 

Juri.np; the Sur'dce Of a l1r~..,. t:J.. :,eco'.J h",at, 

for thooe ra'1e(; lSr"'fJ_' 80'") K. Assum"inp; ,h", re">oTtr,(l lJal:..i~ c:orre:''Jont.l" lC 17'}i") , Cl:ld u;;inr: 

du:dlidry data (~). ;",'e (~.J.lculdte , .,,)::: .1"!: 2.·) kcal/m:::.l. rt:(.: '3ubE:natl()n 'd-J.S d'.:scribed by D.S 1}/l4(c) -;: V0 2 (gL 

';\.I.TT,mar:':.:ed 

E,-~L~!~~£<...c:.~ 

react ion (el 

.3.:l?" &- 1"\ 

lnoll;bdenum 

~alculat€ 

The electronic 

~')r 1,1')2 (g) 

0: c;;Olii' 

"'e!-erences 

<C·)1JJ"'Dximat.?l'l (, k.calfr:1.o1 ffi0T"'C 

:-'f!r?98" kcallmcd 

r:eaction 2nJ Ld'~' Jr,j L.)·...: 

114 ]) 

-:5. 
-l2 . ~6 
_Vi. 1', 

ilcd.: 0'- :O;'t\d":" l:Jn ')" 

b'! f';;;.rLer e - 0'1.1. (!:) for 

\,"):>(2) (C:l 

([1) 2 

:' This Ll,tter ,""ork ant! otIH:,r investiga-

DT'i ft 

r) .OZ 
-1. sa 

1HI ;J") 
~~I_q __ l:<;!_'i ~ 

0f 

["". If" andLyeis for 

;0 vLllue::; 

l're·cesS ':r, 2 (pl :: V(~) 

an unc<;f"t:~int·,.. 0: 

Til€' I;'.o:timdtes 

d ,"td is 

"pibbs/r;ol fo1'" ., [r.", free C'nerGy 

d'),-,p"ted h.~r~. The rnil~':'. reasor, for "the 

e"t ~ ~'o:';T' and 

:"Iclu';i In 

·;s1·jrn.:;.Te.J 

8
2 

\I 

c... 
» z » 
"'1'1 

-4 
J: 
m 
:IIl:I 
3: 
o 
n 
J: 
m 
3: 
n » ,... 
~ 
CIiII 
1ft 
~VI 

-0 

"'" I.n 

VI 
c: 
"'g 
"'g .... 
m 
3: 
m 
Z 
-4 

.... 
~ 
CI) 



~ ...., 
::::r 
1'i 
n 
::::s
ID 

~ -~ 
= CII 

,Ci' 
c::: 
~ 

,= 
Z 
?" 

..c 
""'-I 
UO'1 

Dititanium Trioxide (T;203) 

(Crystal) GF~I ~ 143.7982 

gibbs/mol---- kcal/mol-----

T,OK CpO S' -(Ge-Wudff HO-H~ug &HI" JlGI" Log Kp 

0 .000 ~ 000 INFINiTE - 3.361 - 36L~it50 - 361.450 INf [NIlE 

100 b~256 2~643 34.393 - 3.115 - 3b2~5b1 - 356.229 718.537 
200 ith920 10.476 20.J91 - 1.983 - 363.335 - 349.538 381.957 
29, 22.900 18.464 18.464 .000 - 363.500 - 342.1.2.1 25i.221 

'DO 22.990 18.606 16.464 .042 - 363.499 - 3 .... 2.592 249.578 
j;O:Q 2~.Q2Q ,~~ Bl5! 1.9!~'~ 2.583 - 363.2bl 335.647 lB3d69 
500 31 ~ 130 :33.308 21.4041 5.930 362.302 - 328. 837 143.734 

600 32~blO 39.126 23.920 '}g 124 - 36L.~73 - 322.212 tl7 .. 365 
-roo 33.540 44.228 26.464 12.435 - 360.801 - 3l5.1l2 98.570 
800 34.l10 48.750 26.973 15 .. 822 - 3bO.031 - 309.325 84.503 
900 34.630 52.803 31.399 19.263 - 359.283 - 303 .. 030 73.586 

1000 34.930 5bs470 33.126 22e 744 - 358.570 - 296.819 64.870 

1l0O 35.260 59~ ~Ha 35~94S 26~ 257 - 357~ 994 - 290.675 57.752 
1200 35~ 500 62.S9b 3e~067 29~ 795 - 359.132 - 284.517 51~ B IS 
1300 35.700 65.146 40.088 33.355 - 358.285 - .218 .. 335 4th 192 
1400 35 e tHO 68.398 4Z~017 36.934 - 357.461 - 272 .. 217 ""2.495 
1500 ]6.0]0 10~87S 43. a59 40 .. 529 - 356.662 - 266 .. l~5 38.779 

1600 3,0. Lao 73.208 45.,021 44.140 - 355.593 - 260.145 35.534 
1100 3,o~ 310 15 .. 406 47.309 47.764 - 355 .. 157 - 254.185 32: .. 618 
1800 36.440 77.485 48.'128 51 .. 402 - 354.%3 - 248.266 30 .. 14'" 
1900 36e550 79.458 50.-48'" 55.051 - 353.8LO - 242~ 384 27.881 
2000 30.610 61.336 5L.960 SSe 112 - 362.095 - 236.229 25 .. 614 

.?J9!L __ 3J~_~.1~Q. ___ §J,!1..f_S _____ 5_3_._'!..n _____ ~.?_!)Jl5 ____ -_A.~l.:.t..'.!~Q ___ :- _1'?5'_&_9_'!.8 _ ____ ~h~.H 
- 360.8b5 - 223~ 102 22 .. 223 2200 Jb~S80 84.84l 54 .. 810 b6.068 

2300 36.990 86.483 5&~ 1 '>2 6q~ 161 - 360.246 - 211.481 20e665 
2400 31.090 88.059 51 .. 449 13~46S - 359. 62~ - 211e254 19 .. 240 
2500 37.190 89.515 58e 704 71.179 - 359.003 - 205.119 11 ~931 

2600 )-' • .260 91 .. 036 59.919 80 .. 903 - 358 .. 371 - 1984976 L6.125 
2700 31.380 92: ..... 45 61 .. 098 84 .. 636 - 357 .. 751 - 1924856 15 .. 611 
2800 37.470 93.806 62 .. 242 88.318 - 357.123 - 166.760 14~ 577 
2900 37.560 95.i22 63.353 92. L30 - 3~6.494 - lBO.b8L 13.617 
3000 31.660 96.397 b4~ 433 95.8'111 - 355.662 - 174 .. 631 L2.722 

Dec. 31, 1950; March 31 1 1967; June 30, 1967; June 30, 1973 

DITITA.lHUM TRIOXIDE (Ti
Z

0
3

) 

S29B,lS = 1B.46 :!: a.Ob gibbs/mol 

Tt':Ott70!.20K 

'I'm = 2115 !: l.0 K 

~r..£t:~~ion 

( CRYSTAL) Gn'" 143.7982 031i 2 
BHfO = -36l.45 :!: 2 kcal/Clol 

8Hfi98.1S ;;: -353.5 :!: 2 kcal/mol 

toHe = 0.272 kcal/mol· 

I'.!Hmc = (2S] XCiiI/mol 

HUlnph~y (;!,J measured l!..1{roC298.15 K) ::: _38.11 !: 0.1 kcal/mol for the reaction Ti
2

0
3

(c) + 0.5 02Cg) ::: 2 Ti0
2
(rutile) using 

bomb calorimetry. When combined wi -ch ll.Hr ( 29 B .15 K) ::: _ 22 S • B kc'll/mol for' rut 11 e, th is yields -363.5 !: 2 kcal/mol as the adopted 

[;..'1f~(29B,lS K) for Ti 20], The less negative value of -362.8 !: 0,6 kcalJmol was obt.,in('!d by Ariya et al. (3.) from their heats of 

combustion of vdr-iouE compo5itions in the Ti-O system. Ariya et al, <.~) used an estimated correction for the fOr'ffiation of riO Z_x ' 

while Humphrey (}) obtained values of 0.1 to 1.3 kCdl/mol by grinding -rhe product and reburning it with white oil. Most of the 

assigned uncertainty arises fI'om this problem (see Ti0
2
{rutile) for further details]. 

Bea::: Capacity and Entropy 

Cpo is based on data o.f Sjost:r'and and Kee.som (~, 0.4-20 X) and Pdukov and Berezovskii (~) 12-305 K). 'The two sets of dat.!. 

disagree in the region of overlap. Paukov {~.> appears to have .:t positive bias dt the lowest: temperatures (12-18 K), so we adopt 

a curve which shifts gradually from Sjostrand at 10 K to Paukov dt 30 K. Deviations of ?aukov (~) from the adopted Cpo dre '+36~ 

(121<) and +3% (20 K). Earlier date of Shomate (~, 53-296 KJ deviate by +0.6,% 'to +«.1% win, extreme deviatiOn!> of 3.0% at 53 K 

and 2.9 to 4.1% i..11 a "hump" observed by Shomate near /40 f... No hump was found by Paukov. S<- is derived from Cpo bBS~d. on an 

~xtrapolation which is negligible. 

CpO between 298 K and 1170 K is d smooth extr'dpo1ation of the low-temperatur€ cUr've using the approximat:e 1>hdpe found by 

Barros e:: dl. (i. 150-700 K) via differentidl scanning c.alorime'try (Perkin-Elmer DSC-IB). The nsc data (.§) have a positive bias 

of '\,10\, over t .. ice. as large as we might expect for this apparatus so the results do not help establish Cp~ between 298 K and T t • 

Data measured by a conduction-type calorimeter (2, 313_523 K) have a large negative bias near 400 K. DrOp_cdlorimetr'ic data 

(!t 375-472 K) devidte from 'the ddopted enthalpies by +5 to +2%. 

Cp~ above the A-transition is derived from enthalpy data (!!, 4a7-1750 K) by fitting only the region above 549 K. Maximum 

deviations fr'OJ:l the adopted curve are ~0.4% in the fitted region and +O.S~ at 526 K. Entha.lpy datd (493-1082 K) reporttld 

graphically by LrofeevB et 031. (.§) deviate by about -6 to -n . 
Slyusar et al. (12) recently reported new enthalpy da.ta for Ti

2
0 3 , Ti3 0 S ' 1'i4 0 7 and Ti02' The new data for Ti30S and 

are in T'casonable agret:!r'.ent with existing JAAAF Tables Cl.§.)! but those fo':::' Ti
2

0
3 

cross tr,e adopted values near 1100 K and 

by -tt.5 :!: l!ii (672-878 K) and +3.4 t 1.1% (1158-2027 K), It appears that the two temperature regions may not belong to the same 

statistical population. Large t.egative deviations persist at the lower temperdtures even when the data (12) are fitted assuming 

iilit G 
;:. O. The tra.nsition vanishes for Ti

2
0

3 
sdmples doped with 4% (&) and !:lay be affected by other impuriti€s or non-

stoichiome'tr'Y. We feel that Slyusar et 031. (~) have not their samp:'e adequately, We tentatively reject their 

data pending hew measurements on a well-characterized sa.rnple. 

Transition Data 

We arbitrarily choose 'I't ::: 470 ! 20 K and derive IIKt" as the difference between the a.dopted enthalpy curves at tha.t 

temperature. Rtl-ported values of IiHt'" include 0.380 !: 0.025 (~), 0.036 (2.) a.nd 0.215 kcal/mol (~); each derives from different 

data ilnd different bl!se lines. 

Convenience dictates that we treat the electricdl transition as first order although recent Cp~ data (.!!.) suggest a gradua.l 

A-type anomaly pea.king near 470 K alld extending from about 3aO to ~50 K, There is no change in the corundum-type symr.-,et1:'YI hut 

the lattice parameter's shift rapidly in this temperature range (.!Q. }'J), Honig (.b!:) summarized evidence on the nature of the 

change from semiconductor to semimetal and noted that the tJ"dnsition can be explained without invoking antiferr'Omagnetic: ordering. 

Recent studies (.§., 11.-1.'::) are consistent w1th this interpretdtion. 

Mel ting Dilta 

See Ti
2

0 3 Cl). 
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Cititanium Trioxide (Ti 

(Liquid) GF\1 - 143.7982 

T, ~K 

laO 
200 

'.8 
300 
400 
500 

baa 
700 
800 
900 

loao 

HOD 
1200 
DOC 
1400 
1')00 

1600 
1700 
1600 
1900 
2000 

2100 
220b-
23UO 
2400 
2".:>00 

2600 
2700 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

~~---gibbs/rool---~ ~~-- -kl'jilJmol----~ 

Cp" So -(G~-HOzg!l)rr HO-Hon8 .6.11(' AGf' 

22.670 

22 0 830 
2~. 470 
31.130 

12.61.0 
:H.540 
)Ito 170 
34~630 
34.980 

35~260 
350.500 
3~h 700 
35.870 
37."00 

37.500 
31."'OU 
37.500 
37.500 
37.500 

30.364 

30.'>25 
31.91& 
44.648 

~O. 466 
55.568 
60.09u 
64.143 
61.810 

71.158 
14.236 
77.086 
19.138 
82.325 

d4.74.6 
61.019 
89.162 
'11.190 
'iJ3~ l!.' 

31.!':lOO 94.9-43 
)Ys-5-O-ci--- 96:6.38---
31.500 98.355 
37.500 99~'ilSl 
17.500 lOt~461 

)7 .. 500 
31.S"OO 
37.500 
31~500 
31.500 

:H.:'OJ 
Jl.500 
H .~;oO 
) 1* 500 
37.500 

102.957 
104.367 
105.731 
101.047 
10S.318 

109 .. 548 
110.139 
111.8'B 
113.012 
ll4.099 

30 .. 384 .000 - 339.020 - 321~ 19~ 

30 .. 384 
31 .. 362 
33.361 

.042 - 339.019 - 321.688 
2.647 - 3380717 - 315.943 
5.640 - )38.H2 - 310.316 

35.143 
3S~ 219 
40.675 
"'3.062 
45 .. 1')6 

47.552 
49.649 
"1.651 
53.5&" 
55~ 196 

57.156 
58.846 
60.471 
62.015 
63.54l 

8.634 
12.145 
15.532 
IB.973 
22.454 

25 .. 967 
29.505 
33.065 
36.644 
40.394 

44.144 
41.694 
51~644 
55e 394 
59.144 

- 331.383 
- 33b.6i l 
- 335.841 
- 335.093 
- 3H.380 

- 333~704 
- 334 .. 942 
- 334.095 
- 333.210 
- 332.317 

- 3)1.408 
- 330.547 
- 329~141 
- 328.981 
- 331.183 

64.994 62.894 - - 336.491 
66-.-395------66.644 --:-Yf5-.-a-09 
61. 148 70~ 394 - 335.133 
69.J51 74~ 144 - 334.466 
70.324 11~894 - 333~SOS 

11.551 
12.1 .. 0 
73.894 
75.015 
76.104 

17.163 
78.194 
79.197 
600176 
81.129 

81.644 
85.394 
89.144 
92.894 
96.644 

100.394 
t04.144 
107 .. 894 
11l.644 
115.394 

- 333.156 
- 312.513 
- 331.871 
- 331.249 
- 330.629 

- 330.014 
- 329.401 
- 328.6:06 
- 32B.213 
- 327.62 .. 

- .:W4.825 
- 2'N.460 
- 294.206 
- 21:19.0./06 
- 2!n.96S 

- 278 .. 959 
273.935 

- 268 .. a8b 
- 263.903 
- 258.981 

- 254.120 
- 249.317 
- 24./0 .. 563 
- 239.852 
- 234.812 

- 229.111 
--':-224:'(08 

- 219 0 673 
- ZL4Q 6b4 
- 209.61:19 

- 204.731 
- 199~809 

- 1'.>4.906 
- 190.019 
- 185.l61 

- 180.320 
- 175.508 
- 170.707 
- 165.922 
- 161.l62 

Dec, 31,1960; l'li1reh 31,1967; June 30, 196"}; June 30,1973 

Log Kp 

235.l..I82 

234.350 
172.623 
135.639 

111.033 
93.496 
80~ 313 
10e 190 
62 e 061 

55 ... 24 
49.890 
't5.204 
101.197 
37.733 

34.711 
32.052 
29.694 
2J .. ,)89 
25.606 

23 .. 9U 
ii.-jzi 
20.874 
L9.548 
18.33l 

17.2l0 
16.113 
15.211 
l4.320 
13~ 489 

12& 713 
ll~ 981 
1i.305 
10e6(>') 
lOeOb3 

D1TITAi:lU11 TRIOXIDE (Ti20 i 
5 29B ,IS [30,384) pibbs/TlDl 

Tm ':.. 2115 :t 10 K 

!ieat: of form,1tion 

(LIQUID) GfW" '''3.7982 03Ti2 
£...l-If298.15 - [-339.020]kcal/rnol 

lI1ilT,o :: [25 J kcal/mol 

MIt" (298.15 K) 

cr'ysta1 a.nd liquid. 

is calculated f!'Om that: of th!:; crystal by adding .1Hm~ and the difference betwt!en Cl-i.211S-H298) for 

Bedt Capac_iCy and [ntr'opy 

Cpo is e:,;timated as 7,5 gibbs/g-dtom. Below the assumed glass transi"tlon at 1400 1<, Cp" is taken from tht! cr'ystalj 

'the high-temperature curVe it; <::,xtrapolated 0.0;"';)-. to 298,15 K, SO is derived in d manner analogous to thdt of oHfo. 

,'1'?..!.Ling Data 

Tm is the value quoted by Wahlb<::'ck and Gill<::'s (~I) based on work of D. Carlson. The ddopted value is converted to 

IFTS-58. t.d-i;uo i~ estir.1ated S\lch tn<lt {;J.Sm" is 12 gibbs/mol dS observed (~) for t.:orunduml, Other repo!'t~d melting 

pOil·,ts 'HerE: ~um.'I'.arized earlier (~), S}yusar et al, (,:.) recer.'tly obt:ained Tm :: K in an enthalpy study, but we 

tentatively re.jec't t:his work (see 1'i
2

0 .1 , crystal). 
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0
3
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(Crystal) '., 149.:301 

T, "K 

'9' 
'00 
'00 
']00 

<00 
700 
900 
900 

1000 

1600 
Ina 
1800 
1900 
2000 

Cpo. 

. 000 
6.641 

lQ.146 
<~ 'l. 087 

25.158 
28. Qq3 
29.517 

30.1.,32 
31.088 
31. r01 
32.324 
32.973 

36.569 

J 1.338 
3<l.1 !1 
36.906 
H.10? 
40.504 

45~"06 
"6.233 
41.062 

--gibbsJtnol---~ 

S·, -((;~--H~J'$$)/T 

.000 lNF !t\[TE 
3.B5 42.8';1 

14.524 25.')7a 
23.419 2:3.438 

23.'>"14 
ll.2.65 
37.716 

';;5.91':1 
59.3<;? 

75.764 
75.0':;6 
tlJ.2';7 
82.382 
f\4.4J!1 

2B.iB6 
H.2H 
1'.SgZ 
35.1$66 
3fl.045 

4'). ~15 0 

47. &O~ 

4'1.290 
,:>O.Q15 
52."'>l1. 
" .... 002 
5'5,473 

ij6.414 '}6.-IOO 

9'>.677 
(H.40f> 
99.10, 

') tl. 2 ~ 7 
59. '>16 
60~95-1-
62.214 

----kcaVmol - ___ _ 

HO--H~~5 'Hf ilGf' 

- 290.140 
- 284~9!7 

- nfl.547 
.000 - ZQl.300 - 212.249 

.O'ot; - 291.2'15 - 272.131 
2.727 - 2'010.907 loS.796 
"i. 62 C - 2':iO~ "11'2 25tJ.571 

3.62'" 
! l. 701 
14.R4l 
18.0 1.2 
21.107 

- 289.811 
- 299. Z2C; 
- 23!:!.640 
- 288.0 l ,6 
- 297."'4'" 

- 286.1:1213 
- 286.190 
- 2~5. S')4 
- 2'34.8<"6 
- 284.224 

375 

Z ':» ~ I, 6 B 
247~.r" S9 

- 201.11& 
201.798 

196. ~2b 
14(). fI'n 

- 165.509 

42.166 
46.139 
t..9.990 
S3.920 
., r .'111 2!iO.o37 - t 74. 856 

838091 - 281'h97'3 
&3.,:79 - 2136.006 
<)2.944 - 234.964 

u:.,v 2 

Log Kp 

1.99.51)4 

92.376 
77.260 
6'>.984 
,)7.23J 
Sa.24) 

32.36'3 
29.402 

17.649 

II 

nT'lA:.lI\OIU11 'I'xrOX!Dr: ('1 2°3) 

71.',1.: ! 0.", r-ibbe;!Tol 

Tm '; 7341) ~ 20 i< 

~l£ . .'H . ...Qf :-;:.rmation 

( Cl'!':'STALl r;rlol:= 149,8810 °3\12 -29').1 ! 1. 5 kcallm:)l 

J ! 1. 5 kcal!mol 

lSi:! k,cill!n;ol 

\Hm o ::; (28.'1] kca1/r.lol 

anJ ::>,n"tlcula':' V/)J,lC::), art: based Of! 'the combl~stion studies by Mdh 

c) ::; - :?'n·. 3 Y:callr'l81 a:-; ~c")or'(~d b'.' "Iah ,1nJ '{el:ev (l) For :flore de'tdils ref~c 

L;rl".t r)f -1.5 kcal/nol. 

SOdi.'Jlil fU?'tah t)y l-1ixtc;" (§.) a.nd ~·..lff ,!n,j "'riedrich (V 

<;!.nc i 1:S 0xides: bv (il), 'E.':ller (,2), 

(11.). 1\5 an eXd)':".Qle, '0102 st'Jdy D'f Sl'lPr.C2T L.JS1:ice (11) 

0:1 dii.ta in t:"le r.l:L;::;e 1024-1169 :C, i!1d~c<1'Ccs a third ::il'~ 

!-led't C0S~9.s~.~S~g. __ ~S~!-I:Q.!~,! 

5 to.ldies hd\'~ 

be obtainec. from the 

the. f(')llO~1in", l'''!<':.libri,\,l;' studies in'!olvi:lg vanadit.;m 

by _.1nd Justice 

•. mcl1ysis, bac;e.d 

.<\:1r:ierson (11) r:leasurcd the heJ.t c"Jraci1:'/ of '/~)~(c) in tr.e r(tnr;C S7-~~7 1<. 11F' dOlt-" ind'·::i'l.t::d il.n "nomdl th-8 r-er:io'1 1>35-

182 ,<. Thil; C"i?tC'~ty <h-:'a i:; :oincd sr:loot~l,! ilt 293 K d~r:i ved the 

ent.h,:dDY .T.,~a5u!'<!'rne:"ll:S of CD). :he (1.2, .11). 0sing the comhination of 

lJeD'/e ami f:i'lstein functiDns u.s <;u!':R<;'sted by art:! H~,-;~~ ::; :).0,84 I.:C<l1/mol, There 

is c:or.,ide['abl~ scatter ir, the <1ata. of (ll~; the dev:'lttOn<; from _n.:! 'to C:>tC2pt fo!" th~ 

d.:na 1 v: :.:hi;::h -l.CI'. ('.2S cd1!mc;.l). 

Khlyl..l5tov et al. (~) rnedsl..lt'ed ,r,e h,·a.t t~;! regi0'l 12 r '-1',·:, i<. >or T <. Tt-, this latcer s't'.ldy lies ,;"Dove 

the Ande::"<;on da. ta '/'1 i_I 

K (H, .l~, _!,,~), Thp..,,,,· latter 

ot;,er st\\dLe~, €xam~:-:€d the he"'t CdD03Citv ,-he r.mgc 343-5/3 

r:-l': en" V",llp=,; in ::rJ8 f'cpc'..on of i~vcstigdtion" T,ie do n')>:: 

a.do!), the::;e ' . .JorK;;, ~ending fu:"ther "iOldenend<:n';: v~ri ficdti0:1. 

'Phas,," D.;n:g 

A revie'''''' 0" the litcrltllr"c 'the '!-~' sys::em !)v StrinRer (l1) 5tdt<!d 

.55' 'In coolin,<; ';;/lJ(;:) through t:1,; \'d,c1el'r:oes a s -~uc tc;:-" 1 f,'o:71 hex:a~cnal ccrunuu'll 'to 

:iUiTlC:I"UUS refertnce:::; as t~c :"lQli:O!?(':oeL't',' r,'U18e lnc cr,rc;'t',Jl strlJc'tuT'Q cOilt-tin",d, f,:,r ex,J,nnle, in the ~vie'''''s b'{ Strinr,cr OJ.> 
and Adler (1.2) IlS ;';~'ll ctS ':'n t'-..::" x-ray stlJ.-jv bv 'linomlJra and lIaf,as3.kl (1.2), 
~itll)n,);)1:a 

·.':'he he,.t Ca.Ddcit'! dat'l. of /'ilder:-;or. (..!.1.) i:1dicated an anomaly a.t 

.lnd .'J. smooth curve is G...l.sil'l 

cl.'1n:7lalv xODo?;JT'ed slrnilar to a ),.-tyj::8 transition 

of the tY'0.nsiticn. II,nderson (11) five 

mf>dSi..I!"emcnt'5 to det~r'ln:ine en1!t'I:Y nec~~;saf'V ','/) lee) tnrOI.lt;h i":'e medn "n:rnalDV 01 the fIve )!l€!dSUrements 

161.3 to K '..ras reDortdC as ca limo 1 Subt'ractir.? 

0 . .183 kC.J.l/rrc1. 'eJe ''!l.COrlt T't::; Hil.fI K \Ht
O ked.11 rno ~, -1"1.0 it to b(~ first order'. 

<.>t 3.1. (~) r,...,..,orteC '1e!l.t od':a in region l?·~-U=Uf r: IJln1 l'e~)cr'ted '3 1:ransi'tion Hhich resembled a \-type 

,.;i tl1 a <It 155.5(, r: \'Iieh "~f-!t° ~ rl. kCi.ll/"'lol. Al'thou<;:h ~o'th heilt caDacitv s'tudi8S (ll. l:±,) appeared to ind"icate a. second 

()T'::l(?r transition, ,:\nJ '!"~r.a~.lk~ (2.2) cJet8rmined thrOUf':l x-ray mei.iSl.JT'I?rleTlt~ 'that 'JiJ3(c) ,inder)~8es a discon'tlnuol..ls volume 

con~r,~::tion (r,,]",) at Tt', indicative :;f " f'.l':,t ':rdC'T tT"an,i-:io:"1, j.,u".;-t;ir. C£JJ .':lG :ei.nlieb Pa'll (71) studied ihe press\.~re 

U"'inf: th,... Cla\.:s"i.us-C~·H)(,'v!'on equat'iorl fot' " fi,rzt ordeT' tr.msitior.. ,-·i'th ~v from 

ar.d L'":2 r
: kcal/rr~o1. rc!;""cct~v<?l·;. calorimetric 'JallJe for ,\:-1,' is more 

~'(,>1' 'urt!iel' tr'l))'3:l t!le !'Rvl('''' by l\r]ler (.11) is .suu:ested, 

f1'l€r'e behavior (J.J., l§. • .l.Z, ~). We .:\dODt only rcgUl,H' behavior 

.lbove 23e IS ;(. 

1£.l.!i.n£_ '/£0/ il tdble t0r ut''t.l:l-;, 

Sub1jr.l,'\t:i.Q~ P"::'L? 
?xperirJf::nt.11 €'}~:lcnc," Lnd~clte(: ',h.(t., 'llthough V/j3(cJ :,ubl.i'<les c:onl';l'uent:l!. ,;'E' vaDcrs do :.01 r:ontain 'J/)3(P,) (1])· 

l<.e fl' r~D_';~-,'i 

l. 

6. 
7. 
A. 
9. 

Ie'. 
II. 
]2, 

13 
111. 

15. 
H. 

l'!. 

18, 
19, 

Jl. 
22 • 
7' 

"Co'nnrehensl..v", Tr<.!at;";(" ')~ Inorganic and 

,22,1 1 (195n. 
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Divanadium Trioxide ( 

(L i qu i d I GF\~ 149.tl3iO 

~---gibru.Jmol----- --k .... al!mQI 

T, "K Cp~ ~.., -{(;~-HQ:W8)rr HQ-Irns tlHf' 

a 
lOa 
200 
20, 

300 
400 
500 

600 
700 

'00 
000 

1000 

1100 
I200 
1'300 
t400 
15(10 

1600 
1700 
1800 
1'"'100 
2000 

2':>.087 36.3SQ 

2').153 36.544 
28.093 44.235 
2g e 577 50.6136 

30.432 56.160 
31 ~ OB8 60~902 

31.701 65.09'\ 
32.324 66.863 
,2.973 72.302 

33~ 64CJ 75.476 
34.34(;1 78.434 
35.012 81.212 
3').813 51.838 
V, .... 4Q 86.131 

37.500 88.71 e 
37.500 90 .. 992 
37.500 9LU'; 
2'1.500 q5.163 
'n.500 97 .. 066 

2100 31.500 Q8.91b 
2200 "'.50Q 100 .. 661 

36.38B .:JOO - 201.24t, 

36a389 .046 - 26t .. 241 
37.418 2.721 - ?M.R'S) 
,9.445 'J.62C 260.HB 

8.024 - 259.151 
11.101 - 259.175 

46.'542 14.841 - 258.586 
loS. BIb 18.042 - 257.992 
50.995 21.307 - 2'j7~ 190 

53.078 24~b31 - 2'56.1'710 
'5'5.069 28~O37 - 2'56.144 
5b.<"HS 31.50e - 255~ 501 
':>8.600 3550'52 - 254.842 
50.553 ~B.667 - 2'j4~ 1 74 

62.239 42.366 - 253.480 
63.B65 4b.116 - 257.795 
65.412. 49.866 - 252.L15 
66. g44 53.616 - 251.625 
68.403 57.366 - 2S1.1.47 

f,Q.613 61.116 - 250.7.(.7 
71. t 1'6 /:.4.966 - 261.36 00 

6Gr" 

- 246.056 

- 245.962 
- 240.922 
- 235.<;198 

- <'31.1S5 
- 226.410 
- 221.839 
- 2l1.17<;l 
- 212.788 

- 208.358 
- 203.984 
- 19Q.6b3 
- 195.H2 
- 191.1/:.9 

- 196.992 
- 182.857 
- 118.160 
- 114.691 
- 110.662 

- tl',~.647 

- 162.602 
noD 31.500 102 .. 32 ( 12.4')4 6R.616 - Z6t.201 - 158.H6 
24-:.·rO- - - -- j j: so 0- - - YO-)-.-q-Zi-
2'500 31.500 10').4';4 

2600 
2700 
2800 
2'100 
,000 

3100 
3200 
3300 
3400 
3500 

37.500 
'1.500 
31. '500 
31.'500 
31.500 

31e'50Q 
37.500 
37 0 500 
~1a500 
31.500 

t06.925 
108.340 
109.704 
111.020 
t12 5 Z9t 

113.521 
114.112 
115.865 
Ub.9S5 
118 0 012 

~-73:7Yi- --7-i.-'ii;i --.:-n,l:-04-i--- --153:635 
'7'5.008 16. t 16 - 260.tl92 149.1 .... 5 

n.201 79.86"'- - 260.750 - 144.hCl9 

71'.:'>71 83.6l6 - 260.t>15 - 140.237 
7f1~ 502 1'l7~366 - 260.487 - 135 .. 780 
1Qo60l 91. ill;: - 2bO.36Q - 131.328 
80.669 9-4.866 - 260.257 - 126 .. 880 

'98~ b16 - 2&0.1'50 - 1?2a435 
102.366 - 260.053 - l11.9'H 

83.109 liHhil6 - 759.'960 113 .. 5bO 
84.671 109.866 - 2Sq.875 - lO9.123 
85.&10 113.&16 - 259. '<"14 - lO".6n 

Dec. n, 1973 

O:}2 

I.flg I:(p 

180.364 

179.l63 
131.634 
lO3.1'55 

64.2.09 
10.707 
60.603 
52~ 7b2 
106~'jO~ 

41. V~7 
37.150 
33.566 
30.'502 
27 ~ 853 

25.'542 
"3. ~oa 
21.104 
20.095 
18.6';'9 

17. 343 
t6.1S3 
15.024 
-Cf~-<j90 

l3~ 1)40 

l2.163 
1 [.3':01 
10.598 
9.897 
'9.243 

8.&32 
B.059 
1.521 
7.014 
6.537 

DIVAIJADIUM l'RI(1XIDt (V
2

0
J

) 

5;98.15 :0 [36.389 1 r;ibb!'/mol 

Tm=23lJO::?OK 

(LIQUID) Grw 1l!9.8810 0 3 V 2 
tHf 298 .

15 
':: [-261.(46) kcc.l/rnol 

'\Hn~g ~ f28.0) kcal/mol 

1l>:;,H of Forr.,at;o!! 

The l,eat of 

crystal Jnd tn8 ':"iquid. 

is calculated from ttut of the cry~;tal by aJdinp,: M!rr,Q d:ld the difference bet'..;een en;]!.:;), H
298

) for the 

3e<1t CClpacity and Entro?V' 

Cpo for the liquid p,')<1:ie is esti:1l.:lted to be a c.,n~tar:t 7.5 gibbs/'i-,Hom. ~elow tile assumed gla~;s transition temperature 

at J 500 ::p~ i:, ti1kcn the cry,;tal. The enLI'Opy is derived _iil :l. mdnner analogous to tha.t for the t,ca1- of formation. 

t1el-:::ing D.ltd 

Tm " 23!.JO ! 20 K is the value extr:l.cted from the V-O ph<ise didp,ram proposed by Strin~E'r (.1). This value IS adopted and 

correc'te·j to IPTS-68. ,}limo is l'!::;t"1-r.lcl.:eC such that !~Sm~ is 12 gibbs/i"\ol as observed (£) tor AJ
2

0
3
(n, corundum). 

'J".porlzdLion Data 

There is no evjdence as to the eXist<:!Dce of V;/)J(g) <.;nj thu·; we do not report any heat of vaporization. Se€'. VO(g) and 

\!O,(g) table:, fol' m("Jr8 ir'formation (3). 

Re,ferences 

1. ,;. Strinr',-::r, Lcss··Co~'.mon llc.'t1!l,; .~, 1 (19f)S). 

? J.4.~At· Tncrmo~hemical Tables: Al/'3(o., c), G-30-71; VO(g) <,nei \f02(g), 11-31-73, 
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DivanaJium T~tr~xide (V
2

04 ) °4 V2 

(Crystal) :;,-; 1;').8804 

T,°l{ 

, 
lOO 
200 

'"' 

CpO 

.000 
a,'I21 

2Le,76 
27.5Al 

~2l....2..l.i 
400 17.33) 
500 .34.242 

bOO 
700 
800 
900 

1000 

1100 
1200 
1100 

2000 

2100 
2200 

3<:;.480 
36.371 
37.1<;5 
37.300 
~ Il. 404 

38.955 
39.486 

'.3. }06 

43. 760 
44.210 

fi!:ibbs!mol---- kl"<lUrnol-----

S" --(<;"-H":>2~)ff H~-Ho~~ ':;Hr' .l(;r- Log Kp 

.000 
4.458 
14~ 8Q8 
24.74' 

39.929 
4 T. 362 

51.7'8 
59.25& 
(-'4.11::.<; 

r&.rI9 
79.692 
82.fln: 
jj'j.R:;':> 
RI).664 

100.774 

102.>193 
104.944 

! ~F 1 r-; 11"E 
44.668 
27.0'n 
24,743 

24,144 
21>.843 
30.224 

33.623 
3&. s'?a 
40.005 
42.939 
4'5.706 

48.3?O 
':l0.194 
53.14\ 
55.)72 
57.499 

(;.6. fl62 

f,S.'5?S 
70.137 

- 4.32t 
- 4.021 
- 2.4H 

.ooe 

3'3<"1.058 
340.31'5 
341.063 

- 341. 100 

____ ·Jl';i_~097 
<;.n5 .Hp-.m 
8.569 - 331.961 

12.057 
1';;'6'51 
19.328 
23.076 
26.587 

- 337.283 
)}6.573 
335.S4 6 
335.112 

- H4.377 

- 333.64) 
- 332.915 
- 332.1 <n 

42. 6 7~ - 331.491 
4">.748 - 130.800 

50.870 - )30.112 

- 319.0'58 
312.19"1 
323.&66 

- H'-'.l33 

- 114.972 
=---3"06.6QJ 
- Z9.e.789 

- 291.016 
21'13. ,62 
?15.""11 
268.34') 

- ':bO.·HU 

- 21S. 076 

I NF INI fF 
726.019 
353.107 
2 ~O. 9"18 

22).457 
It..1.567 
1 JO.600 

106.002 
88.410 
75.3':'8 
65.164 
')7.03'5 

'i0.399 
44.880 
40.221 
36.736 
32.790 

29.7Rl 
55.038 - 329.460 ~ 2Ii.03"J 27.131 

___ ~~~f 2;L ___ -_ }}_8_.J!.1_ L __ ~ 20<' ·93J ______ ~~ ~ I ~9 
6·~.'jl~ 328.205 197.111; 22,681 
67.~2J - 321.619 - 190.299 20,7',1<; 

327,068 
337.497 

, 1973 

- 1'33.445 
- 176.510 

19.0"1! 
11.541 

DI'j ,">,.NADIUt1 TETROXI DE: (V 2 0 4 ) (Ct<.':"STAL) crw 161.880,04
V2 

1,5 kca1/mo1 

S;9S 15 = 24. 7L! ~ 0.50 r;ibbs/mol 

Tt ::: 3'-!O ! 5 K \Ht O 2.15"': 2 kc:allma1 

Tm::: HIS' 15 K 'lHmo 25.785 0.5 ).::cal/mol 

:-leat IJf [Y-"~flation 

The adopted ~1-1f' valt.:~s far thr:, viln,1diDJl\ oxides. and particuldr '''2'JL!(C) , are bdsed on the combustion studies by Mdh a.nd 

KL'llc,y q,) The ,.dapted value is _1 kCCllfmol which ·",as oCt.3in€:c by rOlJ:-tdin.l'. the rt'~,orted value of '1dh J.nd Kelley (1.). for 

marc d<;!tails refer to the \I/1
5
(c) table (2). Chdrl,l ililrl <lepra (.3) rE'Dor!:ed d hedt of = _347. l , : 0.73 

in a hi;:;h ~emperdture mlcl'oca.lot'i.:7lctBr. 

complete oxidation to to "the me1:r,oC of 'lah arld '<elley (l), wnct'flby foJ' V/llj(C) '",as det::ermined simulta-

neously '..;ith that for d..lC to incotnplet~ co;:tbusti:::Jn ','(,::'. study by Sicmonsen and Ulich (~) led to 

reporteC value of -3l.12 ! i kcal/mol for c). l,cidi,tio1',d1 ddtd relates 'Aliti'! 

contained in SOdi.Ufll ()}:jd .. e'luil 'briur.t study by (.§) , 

study by Sper,c(l\'" and Justice (1), cEl'.i the red\lcrion of \l2(1:,(c) S0
2 

by flood and l\leppa (,i). 

for somE: audit i.onal in:o:rmation (1). 

Heat Ca~aci ty and [n,ro:>y 

Ander':;on C]) measure(j in the ran~e fil,lj-77'l I~ K. Using the 

comllination 0: Debye And ::in:;;1.,"!ln '''!le c Lor.,; SUi';!;ested :;,y ",ndlOr>on 63.65 cal/mol. 

,le\td of Anderson (2) 51"10;';;; considerablu <;;catt>e:r d('viCltion beLnf; this datd. 

'::001: (12) measured the ent!1J.lpy of range The cnthcllpv for T < Tt appeill-s too high t() b~ full.,.. 

CpO jata of !I,nder-son The adopt.:d C')o va.l\les in 1:11'.' ,.e»;ion 2,!1)_;l~'l >( join :;moo'thl.,.. with ,1 poslti.ve power 

polynomial fit of th" data or Anderson (~1 find lead to e:1th-ll?V v<!l\l€.<; at 31S.:', and .0 K ',.1r.ich are roul',;!lly liB, 34, dnd 

31 cal/mol. less lhdr! the d,na of Cook (l.2.L Thi~; i.; a diff",rence of S-])~" The enthalpy ndtd. '_n 'he region Tt-1'm K 

tY;le equ.Hion <lnd -rh"n diffE'l'eDti,'::eo to yield ddop"ted Cpo vdl\lE."s. The data of Cook (lQ) also srlows 

cOt1siderable sCatter, ;':1tl1 deviations ranr;inp: from to ~l.l?': 

Three Cpo sturL .. s :::onCE'n:.rated ()n l.he r·cl".iof' near TT but prc'sf'nt",d only graphical '-<,,-,:til (l!, ;J. _l_~). Kawdkubo and Nakaga.wa 

(J.l~ T'cport:ed Cpo Value::; ~e"t' ... een :ind w~ich d~C roup;hly leo, vahles below the tra.nsition dnd 

above t~e ~r"nsitiQ;) l:(ydcr a1. CB) Chandt'~shck~a1" et ill. (l2.) Cpo in !'he rang!:' 40-37:3 K and 

K. Th.::se l,;.tte1" a~ree ',.;e:1 i::~rd.phic<!lly il\ their rp.?,ion o~ overldfL The Cr o values dbove 1'T dre very similar "to 

our i'\dop"ted Vd.hleS; .1, K ,hp vdluc<>. "r-c less than fl.] ?,'cbbslmo] hi.;her while at 70n K, rouJ.:hly 0.75 gibbs/mol 10',.1er, 

B,~lm" 'It, t:he u,fferenc<;'-, the a.:!:)Dted values dOfH'oximatelv 1.S r,ibbsfmol high~r. 

~se )ata 

~LinQmcJ['il und '';ae;clsd.ki (l.:~) r<::er"'ilc("d ra""li.o:r x-ray d ,r-,3. '::ind rH'ovi'Jed addiLional un(Jergoes a 

sTructur .. 1 c;jstor"tion to ]0''''2r ~;ymln':try on co')1 "nrc; til;'OII>',h .J. tr<3nsi tion 

stt'wct';r~' '"ith t:nc IInit ,::~'ll douoling ~n ',i::e. 

the 

"('ut:ile to ,1 mon()clinic 

Kawao:1,1 C1 .:11. (1]) verified the doubl ng 

'.l"it c,"!ll, literat:\.l~·e review on the 

!t',,8c'n 1!{lS d::d '12°4, These may be consi.dered <is 

i1 h("Jmo} J(~Oll" (l..ii.). Numerous r'~fcrences on ph,lse are contained in the 

rr:vic',,;s ~y Str:inf,Gr' (If), 

Trdn,i tiOll Ddt,l 

and 'Jd~a.s.;.ki (~) r",p0rt['u thelt the :>t-ruct'..cr.:;:l c1i!';tortion K. value jr; consist<:,nt ,,,,it!". the 

(l:..Q). i<",',JdkubQ '~·l"-<l;;a'''il (~l) the temDr,ra,ure dHp'WGCIlCC of :'iv~ phy~i':<ll ~H'0pertjes through 

ion point: and concluded :;-hd~ the tr.ansiLic'rl occurs a, .1]'1 ~:. ',oJ", ,J.ln'lt -:-t ~~')"': 5 K. 

Using our' Mlop"ed cnth,11py valuBH cJlc"lat€' adort 7. ~ O.?'I 1::;.,l/m01. Ryder ct al. (11) 

per,or'ted <i value of 7,O II;! '1,.,1(1 an.-1 (D), <l vdlu,," of 2.2L! KC.'l"/mol. Th(: values of ~h:n~ ~ 1.60 

and 1.V) lcedl/n,ol reported 

'.-:l~ulati()n, the transition 

Ji.,cus<;c:j by .'\dIet" (LI.l. 

'{cltinE Ddt_~: See 'i/\Ct) table. 

":i1"im'fl (]2) and Ka;.;a\(:"bo dnd 'J'lk<ti'.a'~'d (Q), r(;spectiv('ly, are cQn:>idered 1.00 low. In OIH' 

as beinG :i.rst or-jer. C:ontrov;:>rsy ·:xi."l:,; cOrlccrni.n?, t:he order- of (he transition, 

r'efel'~nces be foun:l Strin?cr Adler (}_Z), (lnd ',cu~"'r",cr (l!!). 

Treat: i ':c Inorf,dnic and 

'lcJt)ted by C. B",rr',lund am:! !--I. J. Gu;;g,::,nhC!il"'., 

(l~73J. 
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Divanadium Tetroxide (V 20 4 ) 

(L i qu i d) GF!li . 165.8804 

~ibbsfmol---_ kcal/mol-----
T.OK Cp'" S' -(GO-HOZl8)JT H"'-H":w! 'H~ j,Gf" Log Kp 

0 
100 
200 
2.' 78.700 41~4Ql 41.461 .000 - 31S~ 3<,12 - 297~409 Z18cOO7 

300 28~800 41..639 41 .. lt62 .053 - 318~387 - 291.279 216~ 568 
400 .H.lD 50.464 42.t;,4L 3.129 - 3l1e959 - 290~301 158»613 
500 34~242 51.897 44.<}b9 6.464 - 3l7~J58 283.453 123~ 897 

600 35.480 64.253 47~666 9.952 - 316 .. 680 - 216.734 100.800 
700 36.371 69.791 50.440 13.545 - 3l5 .. (170 - 210. U3 84e 339 
600 37.155 14* 100 53 .. 171 17.223 - 315.2"'3 - 263.636 72.022. 
900 )7.800 79.114 55.813 20.971 - 314.509 - 257.227 62.463 

lOOO 38.404 83.1.28 58.346 24.781 - 313.11S - 250.902 54.83; 

1100 38.966 86.815 60~ 769 28.650 - 313".040 - 244.651 48.60S 
1.200 51.0/)0 9Q,lle 63.084 320513 - 312GB! - 238.466 ~3. 431 
1300 51 .000 94.310 b5 .. 331 37.673 - 310.461 - 232.387 39.068 
1400 '31.000 99.090 67c537 42.773 - )06.685 - 226.448 35.350 
1500 51.000 101.b08 69 c 693 41.873 - )06 .. 967 - 220.635 32.146 

L600 51.000 104 0900 11.791 52.973 - 305.31 i - 214.935 29.359 
1700 51.000 107.992 73.831 58.013 - 303.717 - 209.334 26.912 

t~g~-- -- ;-~-:-~~~ --·H~:~~i- ---;-~-:~;H- ---tt~-~~----~-}~~;H~---~--~~~:t-~-~------H:~~f 
2000 51~OOO 116.280 79.593 73.373 - 299.361 - 193.053 21.096 

2100 51.000 11B.7&8 81.400 78.473 - 298 .. 063 - 1878768 19.541 
2200 51.000 121.141 83.153 a3~~n - .307.791 - l82 6 497 18.12'1 
2300 '5L.OOO 123.408 64.854 88.b73 - 306.731 - 176.826 16. tlO2 
2400 51.000 125.578 a6~ 506 <) 3~ 773 - 305.683 - 1710197 15. :''=10 
2500 '51.000 127.600 8S.111 9S~873 - 304.641 - 165.016 14.478 

2600 ~I. 000 12q~66L 59.bn 103.973 - 303.611 - 160 .. 016 L3.456 
2100 51.000 131.585 ql.168 lOq~ 013 - 302 .. 605 - 154.574 12.512 
2800 51.000 133~ 44O 92.604 114.173 - 301 .. 599 - 149.109 11.638 
2900 5L.ODD 135&230 94.101 119.213 - 300.605 143&660 10.828 
3000 51.000 136~959 95.501 124.373 - 29<;1.619 - 138~2a5 10.014 

June 30, 1973 

DIVA..."lADIUM TETROXIDE {V
2

0<j) 

529B.15 ::; 1+1.461 gibbs/mol 

Tm :: 18 18 ~ 1 ~ K 

~ of rorm~ion 

(LIQUID) GFW ~ 165.8804 0
4 

V 2 
IIHf290.1S ::; -318.39i kc.al/mol 

uHm~ :: 26.785 .! 0.6 kCi:ll/mol 

The hea't of formation of t) at 298.15 K is calculated from that of the CI'ystdl by ddding tlHrn° and the 

difference between Hifl18-Hi98 V
2
0l,(c) and V

2
0

4
(f,}. 

Heut Capacity and Lntr'opv 

Cook (]) rne-asured the enthalpy of V 20lt (t) in the r'egion 1929.7-1856.8 K and !'ep:reSented the duta by the eQua.tion 

Hi- H29€ :: 51.00 T-5910 cal/mol. ThUll Cp» fo," the liquid is adopted a.s 51.00 gibbs/mol. Sinc~ the enthalpy measur\J.ments 

only cover a range of 39 K in the liquid region, the value of Cpo should not be vie.wed .as a precise value. A glass 

tl'ansition is assumed at 1200 1<. Below 1200 K, tho Cp· values are those of the crystal with the exception that the values 

of Cp· bet\~e'=-rt 29B d.:1d 340 X arc a smooth extrapolation of t:he crystal values above Tt" The entropy is calcula.ted in a 

ma.nner' a...dlog0\.ls to the heat of formation. 

Melting Dd~ 

The: melting point of V2 0 4 (c) is adopted as IB18 K. bas~d on the erL'thalpy da'ta of Cook (],). The heat of inelting is 

calcula'ted from the difference in Hifl1a-H298 for V
2

0
4
(t) and '120~(c). 

~~ 

1. O. A. Cook, J. Amer. Chern. Soc. ~, 331 (9117). 
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Ditantalum Pentoxide ( 1 a2 05 ) 

(L i qu i d) GF~i = 44 .8910 

r -- 'j!:ibh,,/mo!-----_ kral./mol 
Cp~ " -(G'-W:;nolllff HO-H":.l!lg .lHt 

". ~2 .. 214 43.150 43.7.,0 ~ooo 467e775 

, 300 32. 34 7 43."50 43e l'5t e 060 461. no 
1 400 ,~5. 251 ')3.605 45.056 3.'"t51 467.381 

500 315491 61 .. BOO 41.bL 7 7 .. 092 - 46oOe813 

600 39~ 300 b8 e 80Z 50.578 10.935 - 4f66e130 
700 4Q~ 734 H~91.2 535630 14.939 - 465.362 
800 1015 813 eOe488 56.649 19.071 - "045533 
900 42.791 85.473 59.579 23.305 - 463.652 

lOaD 43 a 679 90.031 62.400 27.631 - "062.721 

IIOO 4"'~lN 94.211 65. to .. 32.024 - 461.770 
1200 Ito,. 1 Ll 98.il84 67.694 36.46q - 460~ 806 
1100 io5~l.n 10l.682 10~ 1 71 40.9b3 - 459.831 
1400 58.000 105. 04~ 72.543 45.'>02 - 458.844 
1 ~oo sa .000 109&047 14.S4~ ')1.302 - 45b~ 620 

1600 58.000 112.190 7(.101 57.102 - "'54.~lb 
l-lOO sa.ooo 116 p 306 79.J{)5 62."02 - 4:'2.235 
1600 58.000 U<;.i>21 81.453 68.702 - 450 .086-
1900 ';8.000 122.7S7 83.546 14.502 - 447.917 
2uQO 5ij.OOO 125.732 85.581 BO.302 - 445.905 

---------------------
2100 58.000 128.562 87.561 86.0 1e2 - 443.810 
2200 '.is.OOO 13l.260 89.486 9l.90Z 44l ~aao 
,2300 '.i6.000 133.838 91..359 91.70Z - 439.92 .... 
2400 S8.000 136.307 93.l.81 l03e 502 - 4,38.013 
2500 S8.000 138.675 94&':P,4 lO9.'02 - 430..149 

2600 58.000 140.94'1 ~6.67<; 115.10Z - 434.331 
2700 58. 000 1 .. 3.1 38 98.360 120.90Z - "32.'>10 
2800 58.000 l4SOe 248 9".991 126.702 - 430.1:167 
2900 58.000 t41.Za3 101.592 132.50.2 - 429.231 
3000 58.000 149.24q 103.148 138.302 - 427.670 

3100 58.000 151.151 104.666 144.102 - 42b.l<:10 
32,)0 56.000 152&992 106. \ItS 11.,Q.902 - 424.803 
3300 58.000 1:'4.777 107.595 155.702 - 440. <:1M 
3400 58.000 156~ 509 109.008 16 t ~ SOZ - 439.592 
3500 56.000 158.190 110.309 167~ 302 - 438.227 

3600 5S.000 159.824 lil.71t0 173.102 - 436.872 
3700 58.V\JO L61.413 113.061 118.902 - 435.527 
3BOO 58.000 162.960 114~ 354 16 ... 102 - 434.11)9 
3900 58.000 164./t 06 115.620 190.502 - '.32.8')9 
4000 58.000 165.935 lIb. d59 196.302 - 43L. 539 

4100 56.000 161.361 118.074 202.102 - 430.227 
421)0) 56.000 Ib8~ 7M 119&264 201.902 - 428~ 919 
4300 58.000 170.129 120 ~431 213.102 - 427.619 
".,00 56. 000 lH. '163 121.576 219.502 - :'26 .. 327 
4500 5(1.000 172.166 122~699 Z25.302 - 4Z5~ 03'1 

4600 58·000 174.041 123. Bol Z31~ 102 - 423.751 
4100 58.000 1-[5.288 124.664 236.902 - t;22~ 482 
4BOO 511.000 116.509 125.946 242.102 - 421.209 
'1900 58.000 117.705 126.<;91 2"08.502 - "'19.942 
5000 513~OOO nasa 11 116.011 254.302 - 418.t.o79 

I 

L Dec. 3' "" 

(.\(;f Log Kp 

438» 31:12 321.343 

- 436.200 3lq~228 

- 426 .. 397 234s 065-
- 416ellZ 183 .. 019 

- 409a 154 l .... <fe 03 ... 
- 399 c 117 124 .. 797 
- 390c 399 1 Db. 6')2 
- 381s IS4 92.564 
- 372e06ij iB .. )15 

- 3b}.051 12,. 131 
- 3'504.117 64.4'93 
- 345.265 58 .. 044 
- 336.491 52 ~ 52'1 
- 327.828 47.104 

- 319.313 43.61..6 
- 310~9)7 39.914 
- 30Z.b87 3ba 751 
- 294.556 33.882 
- 266. ~3S 31.31.1. 

- 218.616 28.996 
- 210.196 Z<b~ 901 
- 26).01';>4 24.9<;17 
- 2')5.411 23.258 
- 247.8,,+7 21.667 

- 240.348 20.203 
232.921 18.854 

- 22S.5~8 11.6Gb 
- 218.251 16.",48 
- 2U.003 1~.H2 

- lO3.805 1.4.368 
- 196.056 13.431 
- lS9 c lo16 12.5"'10 
- 10l.aD 11.687 
- 174c254 10.881 

- Ib6.727 10.122 
- 159.242 9.ltOI) 
- ISl.789 8.730 
- 144.381 8.091 

131 .. 003 7 ~485 

- 129.&52 (,.911 
- 122.340 b.366 
- 115.0109 5.847 
- 107.801 5.lS5 
- 100.574 4.sa5 

- 93 ~3 71 4 ~"36 
86.204 4.008 

- 79.001 3.600 
- 71.951 3.209 
- 64.868 2.635 

l)TTANTALUl'! PENTOXID£ (TaZOS) 

S298 15 ::: 43.750 gibbS/mc:·1 

1'm "20S8 30 K 

~_ormat'ion 

The heat of forrn':i't:ion of 

,Jifferer.ce lletw,,"~n Hio5S- J-i 29a 

Hedt Capacity and :Ent£.2J2Y 

The h(:<lt: capacity for 

t~J:rlpeJ:"atu('e .1.5 d..ssumed dt 

(LIQUID) GF" 0 '''.891 05 Ta 2 
lIHf298.1S -467.77'6 kcal/mol 

Ml.rn." ;:: [28.7 .!. 41 kCd.lfOlOl 

at 298.15 K is calculat'ed from that of 'the crystal by add ing LIHm- 03.fld the 

Ta 20S(C) ,J.'ld·I'/1205(0. 

is es1:imdtcd to ee sa.oo gibbs/mol by analogy wi'th 

Tr.e ?-tea.t c<>pdcit.y values usud below 11.:00 K are 

tr'i:Ln~j i tion 

The entropy dt 
298.15 .t< is calculated in,J, rnannE!T" analogous to that used in calculating trH~ heat of !'eJ;'mation. 

Mel t ing D<!:~_~ 

The melTing poine of LS chosen dS 2058 !" 30 K ba3<:.d \o,'Ork by Reisman er a1. q.), The melting point data 
and the by ?ei5iT:..:m and j-joltzberg (~) The heat of fusion, fifi'l1.·, is estil1hlted frolIt the 
entropy repoL'ted ir. thes~ 'tables. Using the HDZOS entropy of fusion v<llu(; of 2l1.92 eu ond d 

K. the heat of fusion fer' 1'.;12°5 is calc1Jll:ttecl to ile 28. 7 ~ 4 KC<.ll/;r,ol. 

for 

mel ting temper"d't1Jre of 

~ 

f., Rel!;ffian, f. Holc::l,erg, ~1. E~rkenblit, and M, tler>ry. J. Amer". Che,1l. Soc. 21, 4511.: (1956L 

2. P .. Reisman dna r. i-ioltzberr;, fiigh T~mp8rature Oxides 1, 217 (1970), 
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Trititanium Pentoxide, Alpha (a-Ti
3

0
5

) D5 Ti 3 

(Crystal) GFW = 223.6970 

~----gibbsfmol---~ kcal/mol--~ 

T,"K Cp'; ,. -(GO-lr~)JT HC -H"z:11.8 6.Hr' 0(;1" Log Kp 

~ 000 .000 INFI NITE - 5.523 - ~a4e62q - 5>84.629 INFINITE 
laO rIe022 5~ 034 5be684 - 5.165 - 586 R 40d - 575~972 1258.78& 
200 21 ~ 353 18.083 34.023 - 3.188 - 58 7 ~ ~4~ - 565.012 617.416 
298 37.000 30.920 30.920 .000 - 5B7 R 750 - 553.891 406.013 

300 31 ~ 1bO 31 ~ 149 30.921 .069 - 587 ~ 747 - 553.681 403.356 
t.OO itl.700 42.637 )1.469 4.147 - 5137.300 - 542.377 296.341 
-5-00- ---46~400----Yi.-Q25--- - 35~;79-- -- ---8.-67j---:-<;86~-'j40- -:: -5 31: 23Y--- -Z~Z.-202 

600 4S e ODO 6,e531 39. l05 13.396 - 585.702 - 5020 • .2 ~ll 189.501 
700 49~ 250 6'h028 42 ~ 9 .... 2 18.261 - 5tl4 .. 8'tO - 509.'010 159 .. 04~ 
800 50 .. 200 15.668 4~h 625 23.234 - 5d3 .. 992 - 498.694 136.237 
900 51 .. 000 81~ 629 50. IS') 28.296 - 5S3~173 - 488.079 118.52.2 

1000 Si.600 <37.034 53.608 33.426 - 5a2~ 402 - 1071.555 104 .. 370 

1100 52.200 91e9.S1 56.874 38.617 - 581 9 676 - 467 .. 101 92 .. 80') 
1200 52.700 96. :'44 S9.992 43 .. 862 '583 .. 807 - 456.60"'> 83 .. 159 
1300 53 .. 200 lOO .. 7IH 62 .. 969 49 .. lSS - 582:.196 - 446 .. 048 74 .. 987 
1400 53.600 l04c 740 65 .. 813 5':'.49<:1 - 5tll .. 803 - 435. '.>68 67 .. 995 
1500 54.000 108.452 68.533 59.878 - 580 .. 835 - 425. i 50 61.945 

Dec. 31, 1960; Mar. 31, 1967; Dec. 31, 1973. 

TRTTITM"'TUM PENTQXIDE , ALPHA (a-Ti30S) (CRYSTAL) GN 0223,697 Os Ti 3 

S298.15 ::0 30.9.2 :t 0.4 gibbs/mol 

Tt :: 1.150 j: 20 K (a -,). j3) 

llHfO ::: -56 1 •• 6 !: 1. 0 kcal/mol 

~Hf298,lS = -587.75 :t 1.0 kcal/mol 

t.Ht C 
::: [3.17 :t 1.2] kcal/mol 

H~at of Formation 

lIHf298 = -587.75 kcal/mol is calculated from that of Ti0
2
(rutile) using bHc" = -B9.65 ! 0.05 kcal/mol determ.ined by 

Humphrey '1> from combustion calopimetry. ft.riyu et al, (~) reported IlHf" = -5.87.0 :! 1.0 kcal/m91 de.rived from their own values 

of AHc" for Ti30
5

•
03 

a.nd Ti(c). Tests for incomplete combust-ion we're made by grinding the product and igniting it to consta..rtt 

weig;"(t in air (1) or in moist cxyp'"en CV. HlL'!"phr>ey (1:.) repoC'ted that his rutile was bright yellow in colo!' and did not gain 

weight:. This bplies an atomic ratio (O/Ti) .:: 2.00, compdI'ed with the va.lue of '\..1.95 r>eported by A:"'iya et dl. (1). New high

temperature calorimetry by Charlu et al. C.~) gave t.HcilOO = -93.57 :!: 1.3 kcal/mol af"!:er linear correction to (o/Ti) " 2.00 from 

1.97 produced by combustion. Our !,cduction to 298 K and Ti
3

0
5

(a) yi.elds llEc" ::: -90.36 .:! 2.S kcal/mol , including an assumed 

uncertain"ty allowance of 1\ for "the weight gains. 

The calorimetric data are compared below with new high-temper'<"1ture data fot" l;Gr'~ <1, !:.). Emf data (.!!) for reac"!:ion 3 -ape 

consistent with the adopted 6Hf", but integrated values of I~Gr'° for reaction A yield llHf<> more negative by 1.8 kcal/mol. Perhaps 

coincidentally, the. ll..1C" of Ariya et al. C.?' yields 8Hf o more negative by 1.9 keal/mol wh .. m combined with the JANAF 6Hf" C.~) for 

Ti0
2

(r-ut:ile). Merri.tt et al. (1) obtained IlGr o for- the cOl:1bustion r'eaction A by integrating ext-cnsive data for equilibrium oxygen 

potentials of the many stable phases and solid solutions between Ti0
2 

and Ti30 S . 'i'hey determined the oxide composition by mass 

during equilibration with "" H
2

0) gas mixtures of known oxygen potential. Gross hysteresis was observed in three regions of 

composition. Oxygen in tht:!se rer,ions were deduced with d. reason<)ble assump"tion, combined with Zador's emf data for 

oxygen-deficient rutile, and integrated "to yield ~Gr"(1304 K) ::: -56.14 1: 0.43 kcal/mol for 1"'e3c'tion A. We obtai" 6Gr" ::: -57,30 

kca1/mol at 1273 K and -51,15 at IlJ73 K by similar integrations of oxygen potentials derived from e:nf data relative to fe/FeD and. 

Cr/C!'203 reported by Suzuki and Sambongi <.:±). 
Suzuki and Sd.'l\bone;i (.=t) alS0 reported solid-state emf data which relate Ti

3
0 5 to '1'i 20 3 . We convert their (graphical) emf 

dat_]. (:) to oxygen potentials using 'the author-s' self-consistent d£ta faT' the reference couples. The results for react~on B yield 

lIHr-" and .1Sr c vdlues consistent with au!' adopted tables. Third-law villues of lIHr;S8 of -42.29, -1<2.:5 dnd -1.12.13 kcal/:mol agree 

with -42.52 (J,), -42.8 ~ 1.3 (1) and -1;2.0 (i!) which can be calculated from combustion calorimetry. 

The discrepancy in reaction A ma.y be due to undetected hias C7% too small in magnitude) in b.Gr'''j but ilJternd.tive possibilities 

include bias in S" (see TL 30 5 , ?), £ll-Ic~ or enthalpy (see Ti02 , putile). 

Source 
(.1) Humphrey (1951) 
(2) Ariya et al. (1957) 
(9) Charlu at 21.1. (1971.1.) 
(3") Merritt et a1. Cl973} 
(4) Suzuki -at al. (1972) 
(~) Suzuki et al. (1977) 

l-lethod 
~ 

CHc'" 
t.Hc Q 

lIg(02) 
lIG( O

2
), F..mf 

Emf I Cr/Cr2 0 3 

~~~: "i!~~~~ 25 

Reactiona 
--A--

A 
A ., 
Ad 
5d 

id 

Range 
T/K 

303 ... 2ge 
293 

1100·~29B 

13011 

1273-1473 
~~ 940-171.10 
~w1l00-17 50 
~~1300-1700 

aS
b 

gibbs/mQl 

-3. :. 
0, , 
0,0 
0,0 

lIHr298 
kcal/mol 

-89.55.tO.05 
-87.7 
-90. 36!:2.5 
-87.61!:°c Sc 
-87.Sl!:l 
_112.29 c 

_47.1S c 

_42.l3 c 

tlHf; 9 8' kcal/mol 

~~~~~~~o. 7 -58¥~~i!o. 9 
-587.0"!:l.O -S89,7 
-586.3 .-587 .O:tZ. 7 

-589.6!1.1 
-589.6:a1.4 
-587.5

d 

=~~;:~d 
a R(!ac"tions: A:: Ti

3
0

5
{a, ~} + 1/2°

2
'+ 3 'l'I02(rutile)j B = 3{2 Ti 2 0 3(a, ~) + 1I!l- 0z .~ Ti 30 S(Cl, ~) 

b 68 ::: 6Sl"'~(2nd Law) _ bSr"(3rd Law). C Third-law lIHr o reduced to Ti 30 SCo). 

d llGr o from integration of flG(02) assuming negligible homogeneit:y range for Ti 20 3 , Alternative !lG"!'o, assuming a linear 

va.riation of t.G(02) fat' 1,42 < x < 1,56, changes 6S by '-"'0.2 and Mlr~ and uHfc by '\.-0,3. 

Heil t Capac i ty and En'trop¥ 

Cp~ belo'..l 300 K is based on data. of Shol'rlUte (~! 53-297 K) and his De.bye-F.instein extrapolation to absolute zero. 'the ent:ropy 

is calcula.ted by polynomial integration of Cp~ based on S"(50 K) = 0.87 gibbs/mol. OUI' assigned entroopy uncertainty of :1:0.4 

gibbs/mol in.:.ludes an <ldditionul contribution because the sample gave weak, fuzzy x-ray lines and was only 99.1\ pure. Apparently 

there are new Cpo d.ata (12-300 K) Vlhich are unpublished and not yet available (lQ}. Cp~ is <!xtl"apolated smoothly from 300 K to 

4S0 K and to hi6her temperatures where Ti
3

0
S

(p) is the stable form. OUT' extrapolation probably represents the lower limit for the 

true Cp" below Tt:, while the curve. of Furukawa and :-\eil1y el) is an upper limit. The equations t'eported by Naylo!' (.!!.) yield even 

higher en"thalpies and fail to join p!'oper~y with the low.-temperatuT'e data at 29B K. Tr.is is due to complications in the enthalpy 

data (see belo .. ) and to positive bias in the drop caloT'imeter in this temperature !"'ange (~). 

Naylor (~) measured enthalpy data (326-131.10 K) whic.h revt:!al.ed a transition 81: '\,1.150 K. When "the samples weI."'e heated above this 

temperatut'e, they did not return to the original stai:e on cooling. Enthalpies were then systemat.ically higher by up to lot. The 

change in the enthalpy Curve seemed to depend on both the temper>ature and time of heating above Tt, Regrinding was the only method 

found for returning the sample. to its original sta"te. X-ray diffraction at C'OOJ:l temperature revealed no difference between these 

two states, but failure to detect a difference lTli:IY be due to the weak, fuzzy x-ray lines <&, ~), Possible expL'lnations for the 

anomalous enthalpy data are noted in Transition Datil. 

Transition Data 

See Ti 30S(p. 

~ 
::.. G. L. Humphrey, J .. '\mer. Chern. Soc. 2], lS67 (951). 
2. s. M. Ariya, H. P. l1.0rozova and E. Vol'f, Russ. J. TnJI'g. Chern. 1..16 (1957). 
3. R. R, Y.erritt, B. G. Hyde, L. A. Bursin and D. K. Philp, Phil. 'i'rans. Roy. Soc. London, Ser. A 271.:. (1245), 627 (1973). 
1.1. K. Suzuki and K. Sambongi, Tetsu To Ha~<1ne ~, 1579 (l972), 0 T' 
5. JANP;f' The['mochemical Tdbles: Ti02{rutlle). 1~:31-73; Ti 20 3 , 6-30-73. 5 '3 
6. c. H. Shomate, J. A.mer'. Cherr.. Soc. g, 310 (L 6). 
7. C. T. Furukawa and M. L. Reilly, U, S. Natl. Bur, Std. Rept.. ~, 177 <l96l). 
B. B. F. Naylor, J. Amer. Chem. Soc, .!3...§., lOT! (]946). 
9, T. V. Charlu, O. J. Kleppa and T, B. Reed, submitted fOT' publicatIon in J. Chern. TheY"':TIodynamics. 

10. G, A. Berezovskii, V. A. Ganenko and T. E. Paukov, Bulletin of Thermodynamics and Thermochemistry, No. 14, 39 (1971). 
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::::r 

-< 
'" Trititaniurn n Pentoxide (Ti

3
0

5
) 

::::r 

'" (L i qu i d) ;3 GFW = 223.6970 

"" ~ ~----- gibbsjmui ----' ktal/mol 

IC T,"K Cpo S' -(GO-H"'D8lH HO-H°:nl'l ~H~ 
C 

.? 0 
100 

-< 200 

!:!.. 298 41 c 578 ;"5~ "j6 55 ~ 556 c 000 - 547~09S 

.;:. 300 41 ~600 '55e 813 55.5H .071 - 547 4 087 

- 400 "-2.BOO 6 7.945 57.2'03 4.297 - 546.498 

Z "0 44.000 77.624 60. Pjl 8.637 - 545~ 924-

0 
bOO 45.200 85.753 63~924 

TOO 46.400 92.810 67.S58 
,00 " 7.600 "9~ 065 11.1 L3 Z2~377 - 544.197 

900 <01:1.800 104.160 14.')42 27.i97 543~ 620 

"" LOiJO ,0. DO,] 10'>'.964 77. !:I 27 32.137 - 5'.3.040 

"-I 
U"I 1100 Sl.2:JO 114.186 80.970 37.197 542.444 

l20:) ':>2.400 ll'h2''iIZ 63.918 42.371 - 544.640 

53.600 123.534 ab.d59 41.671 - 543~ .:.25 

S'>e800 121.5:'0 89.614 53.091 - 542.552 
&f •• OOO 1"H.966 92.301 59.'.97 - 540.:'64 

9 4 .<.110 65.891 - S38.64b 
91.448 12.291 - 536.800 

.914 78.697 535~ 03 7 
• '307 85.097 - 533~35b 

.62<;1 91.497 _ 545. !OO 
---------- -----------

2100 64.000 153~ 500 10t>.tJ82 97.697 )43~~)l2 

2200 64s000 156.".77 109.069 10 .... 297 - 541.'142 

2300 64.000 159~ 322 111 s 193 110.691 - 540.3t1Z 

2400 b4.000 162~O46 113.255 1 U.O'}] - 538.637 

2500 6 4 6000 t64~658 115.260 123.'.97 

2000 6f •• OOO 1&7.169 11 7 .200 129.8<;17 - 53~. 787 

2700 64.000 169~5a4 119.104 136.2<;17 - 534.2032 

2800 64. 000 171~911 120.'J48 142.697 - 532.790 

2900 64.000 114.157 lU. l44 14'1.091 - 531~3iu 

3000 64.()00 i 76.327 l24.'.95 15~. ',97 - 529. b42 

3100 64.000 118.426 12b.201 161.891 - 528.385 

3200 64.000 180.457 127.86'5 168.297 - 526.940 

1300 b4.000 182 • .:.27 \29.488 11" •• 6~7 

)400 Of •• OOO 184.337 131.074 181.0'97 
3')QO 64.000 186 .. 193 132 w 622 181.491 - 522~ 667 

3600 64~OOO 181 .. 996 13ft.135 19).897 - 826~ 140 

HOD 64.000 18'1~ 149 135 • 6 15 200.797 - S24~66 i 

3600 64 .. 000 191c456 131.062 206.697 - 823~2~9 

3900 64 .. 000 193.11S l38.478 213.097 - 821~843 

4000 64.000 194.7)9 139.864 219.497 - 620.506 

Mar. 31, 1967; DE:!c. 31, 1973. 

°5Ti 3 

llGr' Log "p 

- 520.564 381.598 

- 520.'t20 379.125 
- 511.618 279.5)5 
- 502~ 966 219.846 

- 494.430 180.096 
- 485.989 15l.733 
- 471.bH 130 .... 83 
- 469.344 113.912 

461.123 100.778 

- "52.957 09.994 
- 4.4.7)6 tlO.998 
- 436.453 13.314 
- 428.25l 66.853 
- 420.156 61.217 

- 412.168 56 .. )02 
• ft04.343 Sl.9a2 
- 396. bOft 48.154 
- )88.959 44.74l 
- 360.942 ~1.621 

-----------------------
- 31b769 35.795 
- 364.679 36.228 
- 156.657 33.890 
- 348.697 31.753 
- 340.811 29.794 

- 332.981 27.990 
- 325.207 26.32ft 
- 317.492 24..7::1l 
- 309.620 2,.349 
- 302.210 22_016 

- 294.642 20.712 
- 287.136 19.610 
- 219.662 L8.521 
- 272.230 t 1.499 
- 26"!..8'H 16.538 

- 256.710 1,.:'84 
- 2:40.9l6 14.230 
- 225.163 12.950 
- 209.440 it.H1 
- 19 3.756 10.SS6 

TRITITANIUM FENTOXIDE (Ti
3

0
S

) 

S;91L15 "" (5.5.556] gibbs/mol 

Tm " 2050 t 20 K 

Heat oCLQ£~ation 

(LIQUID) OfW ~ 223_"> 0" T i 7-
J :J 

ClHf 29 8',15 = [_547.098'J kca1/mol 

uHm o 
;;- [lll J kcalilnol 

M!f" j3 calculated frOIl'. thllt of Ti305(~) by adding llrtmc to "Che difference in (H2050-H29S) be"tween the ~-pha5e and liquid. 

Heat CaDaci ty and Entropy 

Cp" is e;nima"ted as B Cibbs!g-atoln. Be10w the rlssumed glass transition at 1'100 K, Cp~ 1.s taken to be the same "''3 that of 

Ti
3
0S(;'l). SO is calculated in a manner analogous to that of llHr. 

Meltine Data 

Ti
3
0SCP) melts incongruently at 20117 :!: 10 K according "to Wahlbeck and Gilles (]). Theil' phas/.< dLJ.gram CJ) suggests that 

melting sta!'ts at 20117 K and completes near 2077 The latter value is close to 1:11e melting point: of 2083 K reported by Slyusdr 

et al. (l). but is almost 90" above the value of ..... 1990 K '.Ihich may be int"erpo1a:ted from the liquidUS curve of Brauer' and Littke 

<.]) ror "the Ti-O system. Conver'sion of t·he value of Wahlbeck und Gilles (1) to TPTS-58 yields 2050 K, which 1.s adopted. 

Sublinldtion and Yapo:oization Data 
Ti

3
0

S
(.3) is the congruently vaporizing crystalline phase in the ii-v 3yste;n dcccrding to the studies of Gilles and coworkers 

(!t-£). Studies of liquid samples CD sho'..Ied that: the congruently vaporizing corrposition is between 1i 30 5 Jnd TiIIO? The 

principal r'cact:ion (!:~) in congruent vd.pol·izatLon is 1'i)05 .... TiO(g) .. L ']'i0 2 (g)· 

References 
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Divanadium Pentoxide (V2,OS) 

(I. i qu i d) GFiti ~ 181.8798 

.-----gibbs/mol---_ kcalJmol 

T. ~K CpO s< -(G"-H"21l1l)ff H~-WU8 ~Hr ~G'" Log Kp 

0 
100 
?OO 
298 3l~Zl4 45 .. 879 45.1i19 .000 - 350.407 - 329~43b 241~483 

300 31.316 46.072 it5.819 ~ 058 - 356~<t04 - 329.269 239 s frlZ 
400 )6.078 55.783 41 .. 111 3s4~5 - 356 .. 020 - 320 G Z lZ IH.9B9 
SOD 38.660 64.138 4'i1~ 150 1s 194 - 35'.> .. 311 - .Hl~406 136 .. 116 

600 itS. bOO 71.338 52.162 11 .. 145 - 354 .. 607 - 302 .. 683 l1O.252 
700 45.&00 78.367 55.931 15 .. 705 - 353 .. 320 - 294 .. 133 91.832 
800 ~S.600 84.456- 59 .. 124 20~ 265 - 352.109 - 285~ 703 la.Ob7 

_.9.9.9 ____ "t.5.A..4.QQ ___ f.$9!BZ1 _ ___ bXaA .. 'tL 24 .. 625 - 350.910 - 277 .. 537 67.395 
1000 45 .. 600 94.631 65.246 29~ 38!r -- ----349.-906 ---:-269-: ~-3-5- - - --58~ 865 

LlOO 45.600 96.973 oSs 118 33.945 - 34B .. 893 - 261.439 51.943 
1200 4S~600 102.945 10&858 38.505 - 347.951 - 2')3.530 46.174 
1300 45~600 106.595 73.466 43.065 - 347 .. 076 - 245.697 41.305 
1400 45~ 600 109.975 75.956 47.025 - 346 .. 266 - 237.930 37.142 
1500 4'5.600 113.121 78~330 52.i8" - 345 .. 523 - 230.2112 33.543 

1600 4';1e600 116 .. 064 80.598 56.745 - 344. S46 - 222.554 30 .. 400 
1100 45.600 116 .. 828 82.766 61.305 - 344 .. 233 - 214 .. 929 27 .. 631 
L800 45.600 121.435 84 .. 843 65.865 - 343.69l - 207.338 25.1.74 
1900 45.600 123 .. 900 86.834 70 .. 425 - 3""3~227 - 199.776 22.979 
20,", 45.600 126 .. 239 sa.146 74.985 - 342 .. 839 - 192.239 21.001 

2100 45.600 128.464 90.585 79.545 - 342 .. 533 - 184.715 19~ 22.3 
2200 4').600 130~585 92.355 84.105 - 353~2')7 - 177.157 11.599 
2300 'f5~600 132~612 94.062 88.665 - 353~ 195 - 169. 1~5 16 .. 073 
2400 45 e 600 134~553 95.109 93.225 - 353 .. 148 - Ibl.150 14.675 
2500 45.600 l36~414 97.300 17.185 - 353.11b - 153.155 13.389 

2600 45 e 600 138~203 98.839 102 .. 3405 - 353 .. 096 - 145.155 12.201 
2100 45.600 13'h92.4 100.329 106 .. 905 - 353 .. 089 - 137.157 11.102 
2800 45.600 l'H~582 101.173 111.465 - 353.095 - 12'11.1'58 10.081 
2900 45.600 143.182 103.174 1113.025 - 353.115 - 12l.159 9.131 
3000 45.600 144.728 104.533 120.585 - 353 .. 145 - 113.100 8.244 

June 30, 1973 

DTV.ANADIUM PENTOXIDE (V
2

0
S

) 

5290.15 = 45.879 gibbs/mol 

'I'm = !)43 ~ 10 K 

Td 1953 K 

Heat of ForIndtion 

(LIQUID) GN ~ 181.8798 05 V 2 
lIHf29 9'.15 '" -356.407 kcalJlLol 

nHm~ ::: 15. 42 ~ 0.75 kcal/mol 

The heat of for:mation of V
Z

0
5
(t) ilt 299.15 K is calculated from. that of the crystal by adding MIme and the difference 

between Hg!l3-H29S for V 20S(c) and \1'2°5(0. 

Heilt Capacity and Entropy 

Cook Q,J measured the enthalpy of V
2

0
S 

in the range 372-1513 K. In the liquid region (T > 943 K). Cook (1,) I'epresented 

his data by u. straigh1: line with a slope of Cp" = 45.60 gibbs/mol. We adopt 'thilJ value foC' V20S{t). A glass tra.:'l.sition 

is assumed at 600 K. The heat: capacity valui:!s used below 600 K are those of V
2
0S(c). The entropy at 290.15 K is Cd1culated 

in a ffidnner analogous to that llsed :in cdlculating the heat of fcrma'tion. 

Decomposition Data 

Polya.kov (l) J:aedsured the weight loss of mol ten V 205 in the range 700-1200· C for vdrious oxygen flows. The oxygen 

pressuf'e was gI'eater than the dilisociation pressure of V 2°5' The vapor pressure was calculated by extrapolating to zero 

oxygen flow and assuming the vapor was monomeric V 205 (g). Polyakov (l' assumed no loss of oxygen. Pal<:: (1) proposed a 

method of calculating vapor pressures from experimental results obt:ained by th(~ ent)"'ainmen't method with allowance for 

diffusion. Using Polyakov's data and dssuming "that the vapor phase is the dil:l€ric molecule V4 010 (g), Pax (1) calculated do 

heat of vaporization lIHV
298 

which is 1.4 kcal/mol more positive than Po1yakov's reported value of 32.3 kCl:ll/mol 11 2°5' 

Semenov et a1. (~) determined the vapor pressure of II"O'('I(g) over V
2

0
S

('&) at 1215-1530 K by an illlproved 'transfer technique 

in dn oxygen carrier stream. The reported heat or was cdlculated to be 3.5 kCllll/n:ol moPe positive than 

Polyakov 1 S value. 

Pantony a.'"l.d Vasu (~J stated that molten V
2

0
5 

attains a const.;l.nt weight under> fixed oxygen pressure and temperature in 

a reasonably short length of time while in pure nitrogen it is conver'ted 'into V20 I.{c). Pdntony and Vasu (§.) studied 

gravif:l.etI'ica.lly the dissociation equilibrium of V
2

0
5
(t) and confirmed its existence by cryoscopic methods. They concluded 

that the vapor pressure a.scribed 1:0 V2 0SCg) or VI.I0lO(g) and measured by a tran3piration-weight loss method is due to the 

Joss of oxygen arising from the following dissociation V
2

0
S

(soln) 1: 11
2

0[.:(soln) + 112 02(g). 

.4.n effusion-mass spectrometric investigation of the vapor in equilibrium with V
2

0 S in the range 1000-1200 K led Farber 

et al. (§) to the conclusion that 'the vapor' contained not only Vlj010{g), significdn't amOunts of VljOa(g), but also other 

vanadium oxides. We concludl:! that there is decomposition upon heating in an inert atmosphere or in vacuo. The 

use of an oxygen a'tmosphere suppresses the decomposition but in 1.he loss experiment it: has not been 

verified tha.t the weight loss is indeed V40
10

(g). We calculate a decomposition temperature, Td, as that tempera'ture at 

which the fl'€€ energy approaches ze.ro for the reacticn V
2

0
S
(O :: V

2
0

ll
(t) .... 112 02(g). 

~~~ 
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Tetratitanium Heptoxide (Ti 40
7

) 

(Crystal) GF\1 = 303.5958 

T, "K 

100 
200 
298 

'00 
400 
500 

600 
700 
aDo 
900 

lOOO 

1100 

1400 
1500 

1600 
1700 
laoo 
)_~o_Q._ 
2000 

2100 
2200 
2300 
2400 

____ gibbs/mol_ _____ kcal/mol ____ _ 

CpU 

4i).830 

';>O~ 0;)0 
:, 1.14U 
61.tJiO 

6i •• 810 
6b.e'.O 

10.460 

71.260 
7l~ 9&0 
72. ~80 
13.140 
T .J..67Q 

~"" -(G"-H~2»~)rr HO-H Q ZS18 ~Hr L'lGf"' 

41. ~oo 47.';>00 .000 - &13.100 - 16/.989 

47. !j09 
6J.280 
H ... 600 

B8.151 
98.308 

107.337 
115.457 
122.tLH 

129.:'85 
135. Alb 
141.600 
147.000 
152.064 

.. reSat 
49.5-bO 
')3.669 

53.416 
63.456 
bede7 
73.! 74-
17. no 

!:I2.183 
86.39& 
90.423 
94.274-
97.959 

son 
5.485 

11.466 

31~ t 60 
38&055 
45 e O'::l4 

52.141 
59.303 
6b.530 
7 3~ 811 
al.1Si 

- aD .. 69J 
- aD.267 
- 812.421 

- tllls390 
- 810.269 
- d09.l3<J 
- SO/;. 03-' 
- a06.98t! 

- 805.994 
- 808.1:108 
- 801.436 
- 806.090 
- 804. -(f6 

767.106 
- 752.424-
- 7),7.308 

122.31.!0 
- 707.6B 
- 69].O~1 

- 678.603 
- 604.279 

- 650.0S3 
- 635.768 
- 621.406 
- 601.149 
- 592.984 

14.16J 156.835 101.491 IH!.549 - 803.507 - 578.902 
14.020 161.344 104~881 95.981:1 - 80Z e 2bl - 564.904 
15.060 165.622 108~137 103 .. 472 - 801..l35 - 550.975 

--f~:~ig---+~-}:-}i~---H~-:f-~~ --- -HA~~~g---~--~-~-t-~i_~- --:-~H~i-~-~--
76.310 
76.700 
77.090 
f7.410 

177.288 
lSO.841 
184.265 
187.'::15'0 

117~ 202 
120.014 
122.734 
125 0 367 

Dec. 31, 1973. 

- 507.996 
717 - 493.370 

- 418.787 
- 464.245 

°7 T1 4 

Log Kp 

562 .. 951 

559.zn 
4li .. 105 
322.277 

263.127 
220.933 
189 .. 333 
164.781 
145.1-'6 

129.154 
11 '>. re9 
104.468 

9'1.780 
86.398 

79.074 
72.623 
bi.:.a 991 
bl.Hll 

---57~1 it. 

52 ~ 868 
49~ 012 
45.495 
42.215 

TET?ATITANIi.JM fi:EPTOXID£ (Ti4 °7 ) 

:: 47.5 ! 3 gibbs/mol 

~ 8 K 

Tt 1bO! 3 K 

Tm ':: 1950 ~ 20 K 

Heat: of FOY'mation 

(CRYSTAL) en, ~ 303.5958°
7 

Ti 4 

-B13.7 ~.5 kcal/mol 

LlHt'" unknown 

ill'-<Jll" [S4] kcallrr,ol 

M!fQ is calculated from thdt of '1'1 3 0 5 (i3) using ll.Hr2ga :: -34.16 kcal/mol for !1!3 Ti]OS(P) ... 1/6 02(~S) .~ T1.w.°7(c), 

~Hro is derived by the third--law method from two concQr'dant studies (1., 2) of hi~h-temperdtllre equilibria. Me,(,1:'itt et a1. C]) 

obta:ined i<:lothl:!rmal gravimetric equilibrium over the t.·:o-phase system 

potential. Integration yields ilGr~(1304 K) :: -20,29 ~ 0.16 kcal/mo1. 

+ H
2

0) gdS mixt:ures of known oxygen 

reported solid-·state emf data 

relative to the couple over a range of ,,-,500&. I-Ie convert their (gr3.phical) emf data (1) to oxygen potentialS, using the 

Cr/Cr 2 0 3 ) and intep;rate to get t,Gr<>. Vasil 'eva and Shaulova (1) r'eported an equation for the 

oxygen ~ot.ential based on their emf data relative to Fe/reO. gs() over d. ran~e of '1..<90 0
• l:qui1ibration data of PorteI' (~) are not 

considered because of the likelihood of oxidation during quenchinp, of the COTrlDosition (1), 

Third-law analyses of the equ:i1-ibria for 11/3 Ti 30S(P -I- 1/6 summat'ized beloW". 11erritt et al. (l) agree 

closely with Suzuki and Sarnoongi (,?) but the earlier emf study yields a which is 1,9 kcal/mol less nei!,ative. All three 

studies agree with the ea.Y'li€f' conclusion of Wahlbeck and Gilles (2) thdt is stable wit:h respect to disproportionat"ion into 

Ti305(~) a.nd . r •• },! dismiss the /JHf~ der:ived from Vasil'eva (~) it implies the con'tr<lry when combined wit:h out' 

ad0pted S" and tdif" ::: -813,7 ! 1.5 kcal/mol, wheY'e the \.Hlcertainty includes the possibility that nHtO and S .. of 

Ti30S(~) are biased Ranp;e 5Sd llHr;9fp kc:al/mol !.IHf;98
b 

Source Method ~ l':ibbsJr:tol 2nd La\--.' 3T'd L,aw kcal!mol 

(1) Merrit~ et 0.1. (1973) 
("2) Suzuki (}972) 
<I) Vasil'ev.J (969) 

_)11 -813.53 
-813.n 
-811.84. 

a. 5S '" !!Sro (2nd Law) - 6$1'0 Ord Law} Based on. lIHrQ (3rd ww). 

Heat Capac3 ty and En"!:r'0p"y' 

Cpo is based on constrained fittin~ of enthalpy data (679-1937 K) of Slyusar ct al. (~). The constraints required that the 

ent"halpy be zero at the pefer'ence tempera.ture (298.15 K) dnd thdt Cpo" SO gibbs/mol and dCp"/dT "-'0.09 gibbs/{mo1 K) at 300 K. 

The latter vahle:, ar'l:! estimated by comp-'lrison with TiO], 

have a pilc-tern (.§) similar to that: fOUl, ".th the authors' 

dnd TiO (~). DevLftions of the data from the resulting fit 

Ti
3

0
S

( p, The I<nt:halpies of Slyusa!"' 8t at. (2) for Ti021 
Ti 20

3
, Ti 30 5 and dre less than sa> -::tery due "to inconsistencies in H nedr 1200 K and in the repor1.ed values of Tm <'f). 

Our cons1.raints for are dn at:tempt U .. rd.nimize the effects of the incon~istenc{e;;. Th ... y lead to a reasonable variation of 

Cpo with temperature. We assume that there ".1"(> no phdse transit"ions dbove 298 K since two trilnsitions are known to occur dt low 

temperu ture. 

SQ(Z98 lO '" lJ7.5 ! 3 gibbs/mol is derived froHl the emf data of Su.nlki dnd Sdmbonp;i (.n, The uncertainty includ.es the 

pos"ibi1:ity that llHt 9 dnd S" of are biasec.: l~); excluding this possibility, we estimate an uncertainty of =1.5 gibbs/mel. 

S~(298 K) ::;; 1;9.5 gibbs/mol can be frorr. the less relii2ble d.at"a. of V-isil'eva and Shaulova (1). The.se ilu.thors (.;!,) derived 

SO(298 K) = 42 e:ibbs/mol, which is clea.'!'ly too low. Unfortunately, 'the entpop¥ derived from C?" data (12-300 K) of Serezovskii 

et al. (11) is unpub.li~:;hed and net yet availilble. Thes~ wo-rkers also medsured Cpo of the higheJ."' homologues TiSO g • TiS01l and 

:'i 90
17 

• 

Trdnsition Data and Pha~e Data 

Transition temperatures near 130 K and l~O K were found by us,~ of D'T't'\ (~), electrical conductivity (§.), magnetic suscept:i

bility (2,), a.nd X-!'ay diffraction (~, lQ). The three cY'y~talline phdses are triclinic; 'the "two transitions involve no chung€: in 

syr:tJltetry but only rearranr;;em<~nts of atoms '.olithin the unit: cell (1Q). TheN'. is obvious thermal hysteresis in the transition near 

130 K. DTA endotherms UP suggest" that 'l.HtO(l~O K) is conside1'ably ldr~er than fl.Ht~{130 lO. 6Ht:° values presurr",l.bly were obtained 

·,.;ith the Cpo d."\t<l C],l), but these <lr-€ no't yet dVdildble. 

Ti 4 0
7 

is the lowest stable phase in the homologous series of structures Phases exist with 

n::4,5,6,7,8,9 and certain hir,:her integer values. These were ro;?"i.E;wed in detai1 and Hyde <g) in terms of the persistent 

structura1 phenomenon - crystalloeraphic <;h"ar. Equjlibrium ·::I.3ta (1. 1) emphao:ize thdt .:'!Gpo is negative, but very small in 

magnitude, for format"ion of li
n

0
2n

_
l 

from its t.wo nearest neighbor3. Kinet"ic limitations can cause hystpT.'esis :in measured 

prop<:!rties (l) . 

Mel ting Datd 

See Ti4 0 7 (·n. 
Sublimation Dat" 

vaporizes incongr\lently such that the residue: a!?proaches the con."',T'uently vaporizing compositLon of Ti30S{~)' 

See 
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Tetratitanium Heptoxide (Ti 407 ) °7 Ti 4 

(Liquid) GFW ~ 303.5958 

gibbs/mol---- keaVmol 

T, "K CpO '" -(G~-H"':t!l'Ii)rr HO_H"298 6HI" 6Gf" Log Kp 

0 
100 
200 
298 49.630 69.567 69.566 ~ 000 - 7£.8.051 - 729.')l9 ')34~ 752 

300 50.JOO 69.875 69.507 .092 168~648 - 729.271 5Jlc 271 
(.VO 5-")40 85.347 1l~ 627 s~ loSe - 708aZ13 - 716 .. 202 3'111.31'1 
'Joo 61.870 q8~667 75.736 11.466 161 ~ 318 - 703~2ql 307~ 408 

bOO 64.810 llO.223 80.542 17 ~ 809 - 166.341 - 690.571 251.540 

100 66 ~ 840 120.375 85.522 2lt.397 - 165.220 b18~ 030 211~691 

800 68.350 1l9 R 403 90.454 31.160 - 164.090 - 665.655 181~S4fj 

qOO 69.510 137 e 523 9';).240 38.055 - 762.988 - 653.414 158.671 
1000 TO. lobO 144.897 99.843 45.054 - 761.939 - 641.296 140.155 

1100 71.260 151.651 10',.2')0 52.141 - T60.944 - 62q.271 l25.026 
~ 200 71.900 1'.>1.882 108.463 59.303 763.759 61l.149 t 12..407 

1300 72.580 163.6&7 lIZ./190 66.531 - 762.381 ' 605.043 101.717 
1'.00 !;la.ooo 170.188 t 16.381 15.331 - 1..,:::I.s;n - 593.0:'0 91..519 
1500 83.000 176.260 120. I 13 d4.1H 156.7::'5 ~61. 255 8 .. ~ 68<) 

1600 88.JOO 181.939 123.858 <:ll.'B1 754e 017 - 569.639 77.309 

lfOO S6.000 UH Q Z14 (27~4B 101.731 - 151.496 - 558.191 11.-/61 
ldOO 88.000 192~ 304 130e 898 ltO.531 - 7 f.9.027 - 546~ 895 66.402 
15199 ____ B_d_o_O_QQ __ l21!'9k2 ____ U'!.'!!.f2~ ____ JJ_9_._3_3_L __ -:-__ HQjf>§_8 __ .:-__ ~i'.!.d~L ___ 5>}_._o_{3 
.2000 88.;)00 201 ~ ~ 16 l37.S11 l2S.131 - 762.210 - 524.075 ')7.268 

2100 ~8. JOO 205~ 869 140.664 1j.6~'BI - 159.977 - '512.218 ~3 .. 307 

2.200 ij8.00G Z0g e <}b3 l43. TZ2 14 5.731 - 15-'.769 ~ SOO.4n 49.7iB 
2300 88~'.JOO 21'3.1:115 t 46~ &88 1~4. 531 - 755.575 - 488.831 46.4;0 

2400 21 7 ~ 620 149.566 163.331 753.402 - 477.271 '.~.462 

2500 221.212 152.360 172.131 - 151.250 - 4~5.819 40.722 

2600 224.664 l5S.075 IBO.'HI - 149.l 12 - 454.443 }8.199 

zroo 227.9a5 1 ~,. 714 189.131 - 740.99') 443.1 4 8 3S.810 
2800 231.185 U)O~2B2 198.531 - 74lo-.89b - '.:H .. 934 33.714 
2900 234.273 162.180 207.331 - 742.814 - 420. HH 31.111 
3000 237.251 i65.2D lIb. L31 - 740.749 - 409 .. 1L5 29.848 

3100 RtJ.OOO 240.142 l61. ),84 22':'.931 - '38.699 - 398.70a 28 .. 109 

3200 8d.\)00 242.936 169.a95 233.731 136.666 - 387.189 20.485 

3300 88.000 2'''5~ 644 112.1'S0 Z42~ 531 - 734 e641 - 376 9 915 24~ 962 

3400 u8.0UO 248.271 114.350 25193.31 - 132.645 - 366.100 2l~ 53) 

3500 Sdc:)00 2:'0.322 176.499 260.131 - 730.654 355.358 2Z~ 190 

3600 88~00O 2 53 ~ 3 01 178~ 598 268.931 -I t3S.18l - J43~604 20 5 860 
3700 83.000 25'5.712 180 eo SO 217.731 -11.;3.106 - 321.649 18.999 
,800 88.000 ?58.0':)9 13.? 656 2!36e 53l -1131.094 - 299.750 11.Z40 

88.000 260 e 345 11:I4~ 619 29'S.33l -1129.144 - 217.896 15.'.:i7J 
88.000 2b2e513 186.540 304.131 -1127.260 - 25b.095 13.992 

Dec. 31, 1973. 

'l'£TRATTTANIUM HEPTOXIDE (Til;07) 

SiBS. is :: {69.S66J gibbs/mol 

Tm .:: 19 5-0 ~ 20 K 

Hea t of F01"rnation 

(LIQUID) Grw" 303,">8 1!J17 T i 4 
6Hf2ge.15 '" (-768.651) gibbs/mol 

AHr.-.o ::: (54 I kC<l.1/mo1 

l!.Hf" is calculated from that of Ti 40 7(c) by adding oHm" to the difference in (H195"o-H29a) between cY'ystdl and liquid. 

Heat Capacity and Entropy 

Cpo is estimated as' 8 gibbs/g-atom. Below the assumed gliiSS tra.n.sition a~ 1300 K, Cp" is t:aken to be t.he f;aJne as that of the 

crystal. S· is cdlculated in a sanner analogous to that: of llHf". 

Melting Data 
Hampson and ';i lles (.!) reported that Tm. < 194'3 K, which is in reasonable agreemen't with Tm "-'}955 K ob'tained from the liquidUS 

CUrve of Brauer and Littke (?). The vdlue of 19S} K reported by Slyus<1r et .:\1. (l; is over' 40° hizher than our adop'ted value of 

1950 .. 20 K. TiljO'J probably melts incongruently, but the data (.:s) are not complete.ly conclusive on u:is point. 

Vaporization Data 

Studier, of liquid samples (~) showed that the congruently vaporizing composition is between Ti 30 S und Ti,,07' The principal 

products (l' of vaporbat"ion are Ti0
2

(g) and TiO(g). 
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Lead Sulfide (PbS) 

(Crystal) GFI,~ = 239.26 

.----gibbs/mol- kcal/mol 

T, "K CpO S" -(GQ-H"2!PIS)(I W-H°::f:l/l .HI" .G~ Log Kp 

0 .000 .000 !~FIN!TE - 2.7'51 - 23.554 23. ';.54- !J\:flf'<lTE 
lOO "l~ 500 'l.870 3l~ 963 - 2.209 - 21a599 - 23.410 '.i 1.161 
7.""'') 11. lBO t 7.189 22~ 902 - l.14) - 2:3.529 - 23~ 248 255 4 0lt 
2~8 11.816 21.832 21.852 .000 - 23.500 - 2:3.ll7 16.945 

300 11.620 21.90" 21.il'3? .C27 - 23.500 <,3.115 1t,.83" 
400 12.060 25.336 22.298 lollS 24.058 - 22.903 12:.540 

'00 12. )00 28.05j. 23.187 2.433 - 2t..451 22.644 9.898 

600 12. '520 '~O. 3 t 5 24.191 3.674 - 24.757 - 22.7.52 8. L05 
700 12.7<;0 32.263 25.209 4.938 - 26.163 - 21.600 6.744 
800 12.980 33.9Rl 26.100 0.725 - 39.472 - 22.202 6.065 
geO 1 1.210 35.523 27.151 7.534 - 39.265 - 20.059 4.871 

1000 13.430 36.926 28.060 8.666 - 39.080 I7.934 1.919 

28.925 10.221 - 38.861 15~ 831 L145 
2ge {50 11.59l;l - 38.625 - 13.745 2~'j03 

39_0_5_3_1 _____ t~!~~~ __ - _ }_8_~}_~~ _ _ -= __ !!.!5>?-l _ _____ ~"..?~~ 
31e289 14.420 - 38.0M 9 .. 642 1.505 

1500 14.55(' 42.'>85 32~ 009 15.864 - J7 ~ 7S4 7.673 1.111 

1600 l4.750 43.531 32.700 l7.329 - 37 .424 '5.624 .1&8 
17eO 14.950 4' •• 43l 33.364 13.614 - 37.077 3.646 .469 
1800 ! 5.1 '50 45.291 34.003 20.319 - 36.716 1.6<;2 .205 
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LEAD SULFIDE '(PbS) ( CRYST.A.L) GfW ;: 239.26 

kca.l/mol 

PbS 

5 298 15 :: 21.83 : 0.4 gibbs/mol 

Tm:: 1386.5 ~1!:>K 

Hea t of Formation 

-23.5 ! 0,5 kcal/mol 

liHs298.15 55.0!. 1.5 kcallmol 

Second and third La .. d.flalyses are. made of the equilibrium ddta of Jellinek et a1. (d'), Sudo (~») and Stubbles and Birchenall 

(~), the free ener'gies (via EM measurements) of 'KapustjnsJ.:ii and Ma.\:o2.kin. (~) and of Ki.ukkola and Wagner (~), dnd the EMF data 

r-epor·ted by Thompson dnd flengas (£) Tht! results of our 3.nd1yses using auxili.ary data (2) are summarized in the following table. 

t~o. of kCdl/rnol Drift 6Hfi98 
Investigator Reaction Tem£.~ __ ~_ Points Jrd Law __ ou__ !<Cal/mol 

<;;) Jel1ir.ek et iii. (1929) A 788-1273 

(ll Sudo (1950) A 

(]) Ihrchenall A 

8S5-10llS 

859-1193 

(~) and ~11:!.ko1.kin 288-3013 

(~.) Kiu.kko1u and i-l<ig,ner (19S7) 

(~) Kiukkola illld ~Iagm,r (1957) 

523 -573 

500--700 

(~) Trompsan and rlengas (197]) '/73-107J 

R;:.:iictions; (A) PbO)'" PbS(c) 

(8) Pb(c) PbS(c) 

(C) Pb(c) PbS(c) 

(D) PbU) +- Sen PbS(c) 

(E) Pb( L) !- 1/2 S2(g) :: PbS(c) 

Equation 

30 

12 

-18.4:'::0.8 -18.50 -0.16:,::0.BO -22.5 

-18.0 -20.12 -1.? -24.0 

-19.3:'::0.1 -19.75 -0.421:0.12 -23.5 

-17.hO.S -16 .6;;' 3.7.!1 -21.5 

-24.7 -23.84 1.5 -23.5 

-24. 5:!;O. 2 -24.79 -0.4$:!.:0.37 -23.4 

-40.7:t0.5 -39.63 1. 2:,::0.6 -23.2 

The experiments of Jell:'nek: et a.1. (J) are unsatisfactory (~) QJld are superseded by two later stl.:di(:s (.l, 2) of the same 

equi.librium. Th(: fr'ee C!ncrgjes of Kapu5tinsk:i i and Hd.kolkin (~) IDdY be c!i5missed as bia.sed on the basis of inconsistenci.es in 

both llHf~ and entropy (drift). The oth~r stwdies (~, ~_, ~, i) are consistent with 'the I'!.dopt:cd L\HfO(29B.15 K) of -23.5 1: 0.5 

kcallrool. 

vie al~io cdlculate ,\j-Jf" :: -23.5 KCdl/mol lrom ,:,Hr{?93 K) :: -13,38 ~ 0., kcal/rn01 for 'thtl reac'tion 

H
2
!'Haq) -. PbS(c} "" 2 HN0

3
(2000 H

2
0) studied c:a1oroi::te'troic:ally by Zeumer dnd Roth (~). The uncer.tainty of 

H
2
0) 

Mif" 

may appro<lch ~l kcal/mol due to 'ti;.e auxiliary Gutd (lQ) and dpproximations used in our calculation. Recent DTA ddtd (l.!.) for 

Pb(c) .,. S(O -~ PbS(c) gave llHr(480 K) ;:. _23.4 :'.: 0.3 J.:callmol, .... 'hich \-Ie r~duce to &Ho{29B,1~ K) :: --22.0 ~ 1 kcal/mol. The 

uncertainty assigned (g) to ::"l1r appear.,; to be too optimistic. Korg!"',1.JrlOV (;~) obtdined iJ-if" :: -22.38 kcal/mol by cO!!lbustion of 

S-Kg-?b mixt\lr'es in d bomb, but the chemical r'edctions probably wer-e no't chdracterized adequdt:ely. 

He~t: Capd-city and Entropy 

Cp~ is t!"om the work of Parkinson and Qu,u'rington <Q) (CpQ given d.S smoothed values, 20-260 K) and of Ander-son (~) 

(5*-2139 K) which weI'e g,raphicc1.1ly smoothed and extrapola.ted to 300 K. The data of Fdr'kinson dnd Quarrington and Anderson are in 

good agreemen't; Anderson's values show more scatter'. The larges't deviation of the Parkinson and Qua:'T'ington values frolIt the 

ddopted '{",lues is +O.I~~ at 210 K .. AJ1derson's points are mos'tly within less th.an !l~ of 'the selected va.lues. 

Abov,. 300 K, Cp~ values dr'e derived from the drop-calorimeter enthalpies of Thompson and flengas (~) (3~3-12al K) with 

cons1.r'dint to join smoot:hJy with Ute low tempera'turo data. The observed enthd1pies differ froom the adopted values by +4\ dt 

400 K; above 500 K 'the deviation is geneI'.:-.lly within ~0.4L 

Also considered were 1:ho= 101'; temperature heat capacities rr..ea9u.I'ec.l by Eastman and Rodebush (1.£) {54-283 1:0 and Kelley's 

equat:ions (J2) which a:."c based on the work of Bornemann and H€ngstenberg (~) (273-673 K). The E~str.lan and Rodebush dat<l appears 

to be high above :?OO K. At 900 K the 8n't~alpy calculated from Kelley's equation is lj~ higher than the adopted value. 

S~(20 j(} of 0.83 gibbs/mol given by Kelley and King q . ..§.J is adopted here. 

Mel ting Data - See PbS( t) ta.ble. 

SUbJi.!!I_'!~_i:?_~_D<lta - See PbS(g) 'table. 
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Lead Sulfide (PbS) 

(L i qu i d) GFW = 239.26 

~---gibbs/mol----- kcalJmol----~ 

T, "K Cpo so. -(G~-Hg~!I)rr H<>-H"mI 6Hf" ~Cl" 

o 
100 
200 
2.' 

500 

600 
700 
8CO 
900 

1000 

1100 
l200 

11.616 

11.820 
12.060 
12.300 

12.520 
12 .. 750 
12.980 
16. OCO 
16.000 

L6.000 
16.000 

24.09l 

24.164 
27.595 
30.312 

32.574 
34. ':522 
36.240 
31.782 
39 .. 467 

40.9'92 
42.384 

DPO ____ Lo_._O_O_O ____ ~~.!6b'j 

1400 lb.OOO 44.851 
1500 16 .. 000 45.95') 

1600 16.000 46.987 
HOO 16~OOO 47 .. 951 
lSOO L6.000 46.872 
1900 l6~ 000 49c 73-1 
2000 Ib.OOO 50.558 

24.090 .ooe - 20.0'12 - 20.383 

710.091 .022 - 20 .. 092 - ;>0.384 
240551 1.l15 - 20 ~64q - 20.458 
25.446 2.431 - 21 .. 042 - 20.365 

26.450 3.674 - 21.348 - 20.l99 
27 .. 467 4.'Be - 22 .. 755 19.H} 
ZS.4S9 6.225 - 36 .. 014 - 20.601 
29.410 1.534 - 35.651 - 18.683 
30.333 9.134 - 35.404 - 16 .. 799 

31.234 10.134 - 34.946 - \4.Q62 
32 .. lOb 12.334 - 34.461 - 13 .. 164 

_}.2_o_"t"!.L ____ U.t9}!t ___ ::" ___ 3_~ .. _qI_?:_. "-=" __ l1!'.!t_O_t>_ 
33 .. 755 15~S34 - 33 .. 544 ge686 
'34.532 17~ 134 - 33~ 076 1 .. 996 

35 .. 27<1 1 S~ 734 - 32 .. 611 6 .. 341 
35 .. 996 20.334 - 32 .. 149 4.713 
:!6 0 6B6 21e934 - 31.693 3~ 114 
37 .. 35L 23~S34 - 31 .. 241 1.53/:! 
37.991 25.134 - 30 .. 795 .014 

June 30, 1973 

Log Kp 

14 .. 941 

14.8'50 
li.ns 
8a902 

7.351 
6.173 
5.628 
4.531 
3~b71 

2 0 913 
20398 
l~ 918 
i:sii 
1.165 

9866 
.b06 
.378 
.117 
.002 

LEAD SULFIDE (PbS) ( LIQUID) GfW :: 239.26 PbS 
8298.15 24.091 gibbs/mol 

Tm :: 1386 5 :': 1. 5 K 

lilif29S.15 :: -20.092 kcalhnol 

llHmo.:: 4.5 ! 1. 5 kcal/mol 

Heat of Formdt~~r:! 

The heat of formation of PbS( &) a:t 298.15 K is ca.lculated from tha.t of the crystal by adding iJHm G and the difference between 

H1386.::-H298 for PbS(c) and PbS(O. 

He/!.t Cap<icity and Entropv 

The hea.t capacity of PbS(O is estimated to be 16.0 gibbs/mol. This appei:.~s reasonable as the Cpo value for PbO't) is 

15 535 gibbs/mol (1,1). A glass transition is assumed at 900 K. Below 'this temperature, the heat capacity values used are those 

of PbS(c). The entropy.;l.t 298.15 K is calculat:ed in a manner similar to that for t.Hf198.1S. 

Mel ting Data 

Employing cryoscopic measurements, Pelton and Flengas (ll and Bell and Flengas (~) de'termined the melting point of PbS to 

be 1113.4 c e and 1111.9~C, respectively. ?<!lton dnd flengdS (]) estimated an accuracy of !lee. Miller and Komarek (1), in 

studying the retrogrilde solubility in the Pb-S system, reported Tm :: 1113,3 t 0.5°C. The latter authors have smnma:r'ized many 

early determinations of Tm which were in the. r'd.ng~ 1103_l135°C. We adopt 1386.;' '!: 1.5 1< for Trl of PbS. 

!<:elley (~) adopted ~H:n° = 4.150 kcal/mo1 ba.sed on melting point data obtained Dy Friedrich C.§) fo,!, 'the PbS-Cu 2S system 

and by Truthe (§.J for the PbS-PbClzsystcm. Maier (2) recalculated ~Hm~ from Friedrich's datd d..l'1d obtained 4.155 kc,,"l/:nol. 

Kelley (::) d150 calculdted. 6HmQ .:: 5.03 kCdl/mol from datd on the PbS-A&2S sy.stem obtained. by friedrich. Other' inconclusive 

works aroe discl~ssed by Kelley (~). In 'the preceding calcula.tions ~Hmo wa.s derived from a graph of log x versus liT where x is 

the mole fraction of PbS in the melt and T is 'the liquidUS temperd'ture. 

We cdlculate c:l tiHm value for each melting point-composition data pair a..'1d plot this value against C.T, t:he melting point 

depression of PbS. The resulting plot: is: extrapolated to IlT :: 0 to obtain IIHm G
• Friedrich's de.t:a then yields lIHmo :: 4.33 ! 0.15 

kcal/mol. Truthe's da'ta has considerable SC<.1tter but indicates a value of 4_6 kcal/mol for llHm°. An analysiS of the data 

reported by Kohlmeyer and Honzer (~) for the PbS-PbC system yields t'.Hmo = 5 :! 1 kcal/c'iOl. Unfortuna.tely, these three studies 

neces~itate long extrapolations 6S the liT values ",re in the range 60-550 K. However, these 'three binary systems for'll:. simple, 

single <!ut:ectic phase diagra.lus and all are consist:ent with H ilHmQ value of 4.5 kcal/mol. 

Rl::cen't work. by Pelton a.nd f1engas <.!) en PbS-cilkali "alide systems involved fiT values of 2-17 K so that a much short!?!' 

extrapolation is pDssible. An a.11alysis of their data is tabulated below. 

System 

PbS-KaCl 

PbS-KCl 

PbS-RbCl 

No. of data pts. 

10 

IlHm" 1 kcal/mol 

8.5 

4,5 

4.3 

PbS-CsCl 11.6 

Even in the PbS-KCl system, the scatt:er is such 'that it is im.possiDlc to precisely d.~fine ,').Hmo. We adop't a value of 

llP.m" = 4.5 :!: 1.5 kcal/mol. This value is consisten't with all systems discussed above except for PbS-NdCl. 

It should be noteJ 'thdt our a .. nalyses tredted. all syuteins dS though no association, dissociation, or compound for:tldtion 

occur's in 'the melt. It: is possible 'that the occurre.nce of any or all of these factors would cause: the data to be consistent 

with a iJHm" which might be larger than 'the adop'ted vdlue and even outside our uncertdinty limits. For example, Pelton and 

flengds (1) discussed "their '::"'esults in the PbS-alkali halide systems in terms of dn estimated ,ojHC1 e :: 8.7 kcal/mol. Their 

conclusions need modifications with use of our adopted D.Hm g 4.5 kcallm;:)l, In add.ition Blachnik and Kluge (~) have compare.d 

L\Hm" and Tlll. values for A{IV) B(VI) compounds, usi.ng M{m~ = B.7 kCdl/mol for PbS. In assigning a consta.nt !ISm" value for GeS, 

SnS, and ?bS, a difficulty arises in that: PbS does not have t}1e scune crys"tal structure as GeS dnd 5nS (~), llLus, liSm o is not 

necessarily expected to be the same for- all thret: species. 

Deco1"!'.position Data 

KohiJneyer <.:!:Q, l.!) reported that, although PbSCO had d.n apparent boiling point of lS17 K, the vaporization did not yield 

solely Pb$(g). Decoillposi'tion occurr",d to yield sulfide molecules in "the melt which were rich in Ph. The tempera.ture at which 

':\G~ approaches zero for PbS(.t) :: PbS(g) is calculated to be 1593 K. A similar calcula.tion for the re<lction PbS(tl :: PbU) + 1/2 S 

SZ{g) yields 1999 K. 

R,efer!:!nces 
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11> Tantalum (Ta) Ta ;I TANTAWM (Td) (KEFERENCE STATE) GFW = IBO.9l.:7 

:0:1 (Reference State' <II GFW = 180.947 o "to 3258 K CrYE:tdl 
:"" 
C a --------gibbsimol----_ -----------k(:;;ll/mol 

3258 to b786 K Liquid 

1- T. OJ< Cpo S' -(G~-Ho298)1T ""-1;-1"2811 &Hf" .::lGf> LogKp 
5786 to 6000 K Ideal Konatomic Gas 

< 0 ~ooo .000 JNFINtrE - 1.358 .. 000 .000 .000 

~ lOa 4.119 3~ 858 15.058 - 1.120 ~OOO .000 .000 
,00 5.756 7~549 10 .. 454 .. SSl ~ 000 • 000 • 000 

,.f>. ,.8 & .. 046 9.912 9 .. 91l eOOO ~OOO .. 000 .000 See cryst:a~. liquid and rr..onatorni.c gas for details. 

Z 300 6.049 9 .. 910-9 9.'HZ .Oli ~ 000 .000 .. 000 

!l' 400 6.176 ll~ 108 10 .. 151 .623 .000 .000 .. 000 
500 6 .. 298 1l .. 099 10 .. 606 1.246 • 000 .. 000 .. 000 

600 6 .. 416- 14.256 11 .. 121 1 .. 6a2 ... 000 .000 .000 

-0 
100 6.504 15.254 Ll .. 6"2 2.528 .. 000 .000 .000 
800 6 .. 5~3 16 .. 127 12 .. 149 3 .. 182 .. 000 .000 .. 000 ..... 900 &.613 1 b~ 902 12~ 635 3~ altL ~OOO .000 .000 .... 

1000 6.676 11 .. 602 13.097 <4 .. 505 .. 000 • aoa • 000 

UOO. 6.759 Hi. 242 13.536 5.171 .000 .000 .000 
1200 b.850 18.834- 13.953 5.S57 5000 • 000 ~ 000 

1300 6.929 19~ lab 14 .. 3'50 b .. 546 ~ooo .000 .. 000 
1400 6.979 19.902 14.729 7 .. 242 .000 .. 000 .000 
1500 1.007 20 ~384 15.090 7.941 • 000 • 000 .. 000 

1600 7.036 20.831 1'5. -435 6.643 .000 ~ooo .000 
1700 1.096 21.265 15 .. 165 9.350 .000 .. 000 .000 
1800 7.200 21.614 lb.OB2 10,,064 .000 .000 .000 
1900 7.329 22.066 16.381 10.791 • 000 .000 .000 
.2000 7.455- 2Z 0 44'5 11'>.681 1l .. 530 .000 .000 .. 000 

2100 7.580 22 .. 812 16.964 12.281 ~ 000 .000 .. 000 
2200 7.708 23 .. 168 11.238 13.0<\6 .. 000 .000 .000 n 
2],00 1.846 23.513 17e 503 13e 823 ~OOO .000 .000 :t: 
2400 7.991 23.850 17.16L 1".615 ~ 000 • 000 • 000 
2500 8.166 24.180 tS.Oll 15,,423 ~Oa() .000 .000 ~ 
2&00 8.356 24.504 18.254 Lb.249 0000 .000 .000 m 
2100 B~ 518 24.824 lS.492 17.096 .. 000 .000 .. 000 

2800 6.630 25 .. 140 18. '1,24 17 .. 966 .000 .000 .000 m 
2900 9.120 25.455 16.950 18.863 .. 000 .000 .000 -4 
3000 9.452 25.710 19.112 19" 791 .. 000 .000 .000 

3100 9.830 26.085 19.390 20.155 ,,000 .000 .000 
» 

3200 1.°1~6Q 26 2 404 19.604 21.759 .. 000 .000 tOQQ 
r-

3300 10.000 29 .. 402 19.810,9 H.~22 .. 000 .000 »000 
3400 10 .. 000 29.700 20.1)5 32.522 .000 .000 .. 000 
3500 10 .. 000 29.990 20.. 412 33~ 522 .000 .000 .000 

3600 10.000 30 .. 272 ZO.6SZ 34.522 ~OOO .000 ~ 000 
3100 10.000 30.546 20.945 )5.522 .000 .000 .000 
3800 10.000 30 .. 812 .21.201 36~ 522 .. 000 ~ 000 ~ 000 
3900 10.000 31 .. 072. 21.451 3 7~ 522 6000 .000 ~OOO 

4000 10 .. 000 31.325 Zl.6'i15 36.522 .000 .000 ~ 000 

4100 10 .. 000 :31 .. 5'12 21 .. 933 39 .. 522 .000 .. 000 .. 000 
4200 10.000 31.813 22.165 40~ 522 .000 .000 ~ 000 
4300 10.000 32.049 22.392 4l .. 522 ,,000 .. 000 .. 000 
4400 10,,000 32 .. 279 22 .. 614 o\2:s 522 .000 eOOO ~OOO 

4~OO 10.000 32_503 22~B32 0\3*522 .. coo .. 000 .. 000 

4600 10.000 3Z.123 23.044 44.522 .000 .000 ~oao 

4700 lO.OOO 32.938 23 .. 252 45 .. 522 .. 000 • 000 .. 000 
4800 10.000 :33 .. 1%9 23 .. 456 46,,522 .. 000 eOOO ,,000 
4900 10.000 33 .. 355 23 .. 656 41 .. 522: .000 .000 dOaO 
5000 10 .. 000 33.557 23 .. 852 48.52Z .000 .000 .. 000 

5100 10.000 33.155 24.045 49 .. 522 • 000 .. 000 .000 
5200 lO~OOO :H.94'11 24.233 50 .. 522 .000 ~OOO ~ 000 
5300 10 .. 000 34 .. 140 210, .. 418 51.522 .000 .000 .. 000 
5400 10.000 34 .. 326 24 .. 600 '52.522 • COO .000 .. 000 
5500 10 .. 000 34.'510 Z.ft. .. 179 53~521 .000 .000 .. 000 

5600 10.000 34.690 24 .. 954 54 .. 522 ~ 000 .000 .. 000 
Hr.tQ H'!a OOO 34 .. st.? 25't126 :!~I~Z' .goo .000 .. 000 
S600 9.963 6'5.484 25 .. 369 232 .. 610 .000 .000 .000 
5900 10 .. 000 65 .. 655 26 .. 050 233~668 .. 000 .. 000 .. 000 
6000 1O~O33 65a 823 26 .. 112 2340 670 .000 .000 .. 000 

31. 197_' ___ 
Ta 
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Tantalum CTa) 

T, "K 

l::JJ 
7.00 

2"' 
'00 
40J 
"ion 

601 
ron 
BOO 
910 

1000 

11:::11 
1?,J() 
11::JJ 
140) 
1')(1'1 

roo 
I ~1)1 
1'10') 
1'000 

?tno 
.POQ 
?"n,) 
]40f) 

7')OJ 

Z300 

360') 
lHI] 

1800 
.... '1'1) 
400,1 

I ) GFW ~~1--=8--=O-=-. :-.'34..:-.~_( ___________ -----, 

~---Ribbs!mol--_~ .--------kcaJtmol--
CpO s~ -(G~-H"298)!T W-H~Z9" :1.Hr" 6Cf" Log Kp 

• oor-
4.719 
? 156 
6.046 

".049 
h.176 
6.2gB 

6.4\6 
6.504-
60.56" 

6.1',9 
~.Il"iO 

6.Q?9 
(,.179 
T.007 

1. '11~ 
7.096 
7. "00 

1.'5RO 
7 ~ 70B 
l. ~4<' 
7.9')7 
A. t6f, 

8.1':;8 

9_ 

12 • .,q? 
]"".">2 
t4.191 
15.116 
1".1)1 

• 000 
1.1'.';(=', 
7.549 
9.<1\ ? 

9.949 

14_1S8 
17. 7 <=;1, 

16.1 ?7 

18.2 t.2 
(5.11]4 

19. ,86 
19.Q07 
20. 38ft 

?a.l;nl 
11.26'5 
21.67 t , 

12.06f 
n.44S 

7'.812 
1.<,1:' 

23. 
74.1 :10 

14.504 
74.824 
2".1'.0 
2'.0.455 
"0:;.1 fO 

71.7H 
Zfl.(}<)2 
JA.4'59 
lB.840 
?Q.21t:. 

1 \lFl NIT1= 
\'i.O.-.Fj 
10.4'54 

9. <;I] 2 

9.912 
10.! 51 
10.6rJ6 

11. In 
11.642 
12. ·i49 
12.6,'5 
13.1')97 

13. ')-:;6 
11.9'51 
\4. '50 
\4.729 
15.1)90 

\<;.4,,) 
15.7£)", 
16.oe? 
If>. VI7 
}h.61l1 

'6.964 
11.::3e. 
17.'5rH 
17.761 
I a. ')11 

I P.. 254 
J~. 492 

19.172 

'0. 41"~ 

OJ. 
:>:1. ·136 
2'1. ?,f. 

1.,'58 
l.t2:) 

.'581 

.000 

.01 t 
.621 

1.7. ... 0 

I. flAil 
?'5?8 
J. 

,. 
6.'54fl 
r.247. 
7.94\ 

B.64") 
'18350 

I O. 06~ 
10,191 
11. '5 ~ 0 

12.281 
13.046 
!1.fl2") 
\4.615 
l'i. 4(,' 

16.74<) 
17.096 
J1.'Hh 
18.863 
\'1.791 

16.295 
27. '591 
26.%8 
30." ~? 
11.0;.94 

00110 
.000 
.00''1 
.001") 

.000 
6 000 
.ona 

.00r) 
.DOO 
6000 
.000 
.00r'} 

.OJO 

.000 

.000 

0000 
.QOO 
0000 
~ 01)(") 

.0')1 

.000 

.000 
• DOl') 
.orm 
• ~Ol) 

60J:) 
000') 
0000 

B. '27 
7. <)31 
r • 5O;(~ 
7. 

.000 
• 000 
.oco 
.000 

.000 

.000 

.000 

.000 

.000 

.000 

• 000 
.000 

.000 

.000 

.000 

.000 

.000 

.000 
,000 

• 000 
.000 
.000 

.000 

.00:-1 
• 000 
.000 

• JOO 

• (lOO 
.000 
• 000 

.000 

.000 

.000 

.000 
• GOO 

.000 
• 000 

.000 

.000 

.000 
.000 
• 000 
.000 

• 000 

.(1(')(1 

.000 
.000 
.(lon 
.30:) 

,OOf) 
.00;) 
.000 

.aoa .000 
.000 .000 

- -~ l-I-~ - - -.-no;; 
.3 rq - .oc4 
.641 - • Qf,1] 

.898 

• 1"7 
• 3B8 
.617 
.8\4 -

.0,\4 
.0oti 
.030 
.091 
.10!) 

TANTALUH (1"-) (CEYSTAL) SfW,:: 180.847 Ta 

co 0 kC6.1/mol 

S29B.l~ = 9.91 .! 0,05 gibbs/ITY-ll urlr?9B,lS = (: Y..cal/iJ:ol 

Tm 3258 10;-( ':'H:n" :- 8.74 !. 1.(, J.-cal/nlol 

lj~3t ot for'marion 

,:ero by definition . 

~~}. _C:::_~E~o;;j~"y ",TId Entrap" 

The h~dt CciPdClty val\Jes for T::: 10 i( are chos-2:n cO be the those adopted by Hultgren al. <.~). A gr'dphical 

Lnt~gr.J.tion of "the!Oc Cp~ dd"ta yields ~~.O = D.Oi5 gibbs,~!ol. Tbc ~,jol-,t<!d Cpo yalJ~s for' the range i::: 5 'f . TI~ are baseJ. on 

the ~Ql1owing experimentdl d.l1:a. 

~~iloJ 

:{~ll~y q) 53-255 Cp~ 

Cl'Jsius and LOSd (~) lG-2i3 Cp~ 

S1:erretT an:J \·j;o"llace (::) CF~ 
Jr-vp, enthalpy 

dpop, 

.Taeg..;r a;,d '!ccno..lr-a. (§.) 

Oettinz ond :~,jVr'itil (.§.) 

C,.zair1iydn (.?) 

300-1 ~ 5 'i 

Sj)·-1383 

lJ0G-3:::00 C/, yulse h~dr.ing 

data of Cezairliyan (2), i'¢p(.lrt0d as smooc~eJ Cr" Y<J.l.ll(~s and rel~resentc:d by a U.ir'd-r:.>rdcr PolYllo;nial, yields 

Cpo valll~S from 3200 f, to llyextrapolation. These s,~,o0th Cp~ valLI:;;, a': reported by Cezair13,y.ln (~), dI"2 ac.opteJ for 

the 1<)00-3200 K. Usinb d. fit tor edc:, ",nthd!.PY ,':.'.t<.:. ::;et (§., £), C[)'" vdlues are obtdin<=d \-Ihich d,;iine 

the !\~gion 29B-l~OO ,:. A j?olynomial, cc.nst!'ain£::J d-:': lO :'s used t.o ;;roduc.~ lomoothcc1 Cpo'valu,,:;. t.he g~ lU-2':i2 l\ 

based on thn:e low t8rnper.iture 3tudics (~, .::, ~). 

for " <: 100 K, th", t<ibuliJ.ted v<l.llJeS do not acree '.."ell .... il:h tll\~ <;xpc:rime.,!:a-:' ::Jatd. Cll tr.is region ':1tviations from 

the cabuldt"J v<>.lues are :S~ !'Qr' Cluslus and Los", (}), -0.3 t:o +1.9', ;·cr Kelley (n, an,:: -l .. 7 ?,8'. for' Sterrett Bnd 

\-1.Jllace (~). The deviation::. cirr" C:u~~ u, part to expcrlmc.:ntal scattlO:' (~) dnd d ?'-x)c rn"Tch uf ,oxp<2rimental data at 10 K. 

~liJny other (~xper'imentdj ~,tud.i.e1; had!:.' r'\~ierell(:ed. by Gmo::lin (§.) dnJ !1Gl (~t .... 1. q). In dddi,=i(~~l, 

Cezairliyan C.Zl has compared gr'dphic<l11y nl<iny of 'th<: invesLigacions. The Cpo dara a~ld enthalpy data are all in hellerally 

good agreement. The irr.portanc€ of Cez,d.rliy<.!n st:udy (2) 1.5 t:lat it gives added evidence 'to the de.via"tion 

,1 linear' Cp-T r'tlldtions[-,ip JUOVC 1000 K. 

~!e] tine Dil ta 

The mel-cing point of Ta chosQn as 3258 !. 10 :<: based on 'ale Subs2conc1 pulse hedT.ing techniqqe of Cezai.rliYdD '-1). 
'this choice is made 50 as to helve « Tm consistent" ",iUt Cp ddtd. cit. temperatures [1"2ar TiT: (see :·ledt capacity discussion). 

Tm yalue~, covel'inp, tiw rililge 30:'3-37·/3 K are referenced by Chcl"le.:>·,.;orth (,,:p; while additional l'ef"!',~nces dre 

found in Gmelin (§.). Hul'q;ren .:t al. C.!.) r~!corrJTIends <>. Tm value of 3287 K. 

hed; of tuslan, "jim", for 1« l'dS l'lV:y re;)oI't'c;;d a 

value o.f 8,74 :!' D.S kca,1/,70l Dased en made dUTing electTicd.l ex:p}o~,.i.on i:1 chin I-li;:p-s. 'de .. dopt this 

valut~ for ,\,jim~. Based OD ~·,Hm· ..:: 8,74 kCdl/mol and 32~8 K, ,}Sm" , cdlculated to be 

E;S gibbs/lnol. This cornpd!'e~; ~'S,no .33 gibbs/mol for l\b, .33 reportee 'tilese tdDles. 
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Tanta!um (Tal 
(L i au i d) GFld 180.'347 

------J!:ibbs/mol---. 
T,UK 

10.20 
200 
295 

CpO ~"" -([;O-HQ:/sN)/T 

JOO 
400 
500 

IluQ 
1200 
1300 
1400 
15;)0 

1600 
iraQ 
1800 
1900 
lOOO 

2400 
2200 
2300 
2400 
2500 

1600 
210D 
2tWI) 
2900 
.!oDQD 

3100 
3200 
3300-
HOu 
3500 

3600 
37')0 
380;) 
3900 
1,,0(;0 

4100 
4200 
4300 
4400 
4500 

4600 
4100 
4800 
4900 
5000 

~"';)Q 

S~O,j 

6.046 

6.04~ 

6.176 
6.;{98 

0.416 
6.504 
6.563 
6.613 
6.676 

6.759 
6.1350 
6_929 
6.979 
7.007 

7 ~u3b 
7.096 
7. 200 
7 ~329 
7.455 

1 ~580 
10.000 
10.000 
10.0ll0 
10. 000 

10.000 
10. 000 
10.,;)00 
10.000 
la.GOO 

]2.091 

129 

16.431 
11 ~ lo33 
1 B ~ 3 Ob 
19.0B2 
19.781 

20. 422 
21.014 
21.565 
22. 081 
22.563 

23.016 
23.444 
23.653 
24.246 
24 c 62S 

24~9'H 
25.3'<7 
25.191 
26.Z17 
26« 6lS 

n.011 
27.395 
27 ~ 75'> 
28 e 109 
2B.448 

10.000 26.116 
10.000 29.094 
1-6.-0-00- --29:~62 

IO~OOO 29 a 700 
lu.uOO 29.990 

10. CliO 
10.000 
10.OUO 
10.000 
to. <JeW 

10.000 
10.000 
10.0;)0 
10.000 
1 0 ~OOO 

lCeOOQ 
10eOOO 
10~OOO 

10.000 
IU e 000 

10.000 
10. UOO 
10.000 
lOeOOO 
10. QCO 

30.212 
30. :,46 
3u.ljl2 
31. 072 
31.325 

31.572 
H.oD 
32.049 
32.275 
32.503 

32.723 
32.938 
33.14'il 
)).155 
330557 

33.155 
33.9109 
34.1;9 
3 .... 326 
)4.510 

5600 10.000 34.690 
5700 10. 000 34'0.661 

-"-l;foQ'- --li.i~OOO-- --3-5-.-~';1 

5900 10.000 )5.2Il 
b000 10. GOO 3S. He 

1Z.091 

13.300 
13.8<::1 
14.328 
14,814 
15.216 

15.115 
IlI.D3 
16.530 
16.<;e8 
17.l69 

1/.614 
11.J45 
18.262 
18.566 
Ill.SbO 

19.1. 4 3 
19.417 
19.6d5 
19.948 
20.207 

20.461 
20.711 
20.956 
21.197 
21c t.33 

2i. .665 
li. an 

--z-i.-l-15 
V.l.34 
22. S48 

22. 7~9 
22.966 
23.169 
23.368 
23.564 

2.3. (':'i6 

24. 

24.66'9 
24.1343 
25.014 
2~.182 
25.343 

25.510 
25.671 
25.829 
25.984 
26.139 

.?6.289 
26.43.9 

"Z6:·;raS--
l6.130 
26.672 

_k{":d/mol-____ _ 

HO--HOZSli .:.\I-if' .:.\GF 

.000 1.476 0.826 

5.117 
5.1.>5-' 
6.546 
1.242 
7.9'>1 

8.643 
9.3'50 

10.Ob4 
IO.7<lI 
1l.530 

12.281 
13.046 
I"~ 046 
15.046 
16.046 

11.01,6 
1H.046 
19.01,6 
20.046 
21.040 

22.0<46 
__ Z3,dl~f> __ _ 

24.C<4{; 
25.046 
26.046 

27.046 

3.2.046 
33.046 
34.0 4 6 
3::1.046 
36.046 

31.040 
38.0'-6 
39.046 
',0.040 
41.0106 

42.0<\06 
43.046 
44.0106 
45.041:1 
46.046 

7.41{) 
7.476 
1.41 r 

1.416 
7.41' 
7.416 
7.416 
7e .. 16 

7.476 
7.4/6 
1.4f1 
7.4-'6 
7.417 

7.4-, 1 
1.476 
7.476 
7.476 
7.476 

1.471 
r .476 
7.69<) 
7.907 
8.099 

8.273 
B .426 
B.5'56 
d.659 
6.731 

8.167 
a.763 

:000-
.000 
.000 

.000 

.000 
,000 
.000 
.000 

.000 
.000 
.000 
.OuO 
.GOO 

.OOQ 

.001..1 

.000 
• 000 
.GOO 

~ 000 
.000 
.000 
.000 
.000 

47.0!tt .CCO 
48.046 .000 
4-9".-646 -- -- -1 16-. 3-48 
50.046 - 176c346 
~1.046 - 176.348 

6.d",::! 
6.6()4 
a.H7 

6.169 
S.951 
5.'33 
'.:'15 

' • .:':97 

4.644 
....... 25 
4.208 

3.9'l0 -
3.171 
3.554 -
3.335 
3.1 Ul 

2.900 -
2.1::>62 -
2.459 
2.227 
1."86 -

1.13& 
1.484 -
1.22'. 

.'>01 -

.42:.. 

.1':>6 
:1:;'00-
.000 
.1.100 

.000 
.000 
• vuQ 
.000 
.001.; 

.0vO 
.000 
.JOO 
.000 
.0.200 

.000 
• 000 
.000 
.000 
.000 

.ouo 

.0UO 

.000 
.000 
.000 

.000 

D(!'[' 31 '9"1( 

tog Kp 

5.00'. 

' •• 970 
3.UO& 
2.792 

2.241 
1.8:'8 
1.56e 
1.339 
I. 1 ~~ 

1.009 
.885 
.1f:!l 
.691 
.613 

.,4, 

.485 

.431 

.384 

.341 

.302 
.260 
.234 
• ,,0) 
.114 

.C72 

.'J'I 

.030 

.vOO 

.occ 

.000 

.000 

.000 
.000 

.000 
.000 
.000 
.000 

• 000 

.000 

.000 
• 000 

.uOO 
.000 
.Ouo 
• 000 
.000 

• GilO 
~~_O_O_~ 
.00ti 
d2L 
.230 

TANTALU!1 (TZe) (LIQUID) GF\" :; lilO.947 T a 

5798.1S 12.0$0 gib>s/mol .JHr 298 ,lS 7.485 kcallmol 

'lIn ;;; ~2 sa 10 K :).Hm" ~ a. ·1.0 kcel/mol 

:'7e5 K 1"!I ... 148 kCd,l!mol 

t!'£~_2[ __ L'?~"!n~ti()r. 

,he heat formation of "j'a(£) 8.1S .>< i;, calculiltcrJ from 't1oat oj tJ1e cr"ystdl by dddi"Z .:.11,'11" and t,'1", Jiff<:!:rencO;O 

t"'t""'e,!n ;J
3258

- 1;;98 for TerCe) <1nd T,lU), 

0~0.t_f~12!!ci ty_ and L!l~1:r'2£i 

call'1'.o1 hy analo[/ metdls. Th<= same vQluC! 

• (1) .3nd :;tull anc.! (2). Below this tempeY'aturl', 

the ;leal ilre those 0f TaCe), The entro)y .:it )98.l:' Y ''':dlcul,Jteu in ,,, 1lI<llw"r similar to 'that 

for L\l--il ;98 1)' 

~~.!!i~.Li-!~!~ 

';'"de} detail ,; 

~~£2Ei~t_~.9.~~ 

temperature ..:It which the, energy c""ange for the l"'--'dction Ta(f) • Ta(r.) approiJ.ches zero. The 

Dilt\>,teen (Ta, g) and ",llf~(Ta, r) cit T~ ,;Iiv". , Tb i:; calcula-:e(i to be 57ij() 1< and 6Hv~ i:i 176.148 

kcal/mol, The Clncer,a,in'ty the; :"oilinr, point is pro;:-,atly 01 ~'hc order' of !200 .<;. 

2:.£.U:!:£!:1.r,:~-,~ 

,lr\(J K. I<cll<:y. '';,lluc;:; 'l'h."r·m0C::ynalllic j'!'opror- of ikta is and 
, 10171. 

::in);;", ' ;;. ,). Ie Stu l.L and ". 
I ~ -5 5. 

of :!lc I:lell.<-'ntc:.,' f'Jncrlcan 50(,- ,,1:y, j...'ashington, D. C .. 
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Tantalum (Ta) 

( i rlea I I;as) GF'tl 1BO.947 

-----gibbs/mol---~ 

Cp~ s" -(G"-H~2S8)!T 

~----k~al/mol~---_ 

T, "K 

o 
tOO 
200 
298 

'00 
400 
'1000 

600 
700 
.00 
900 

1000 

1100 
1200 
noD 
1400 
1500 

1bOO 
1100 
1803 
1 qQO 
2000 

2100 
2200 
2100 
2400 
250) 

2600 
2700 
2E100 
7900 
3000 

3100 
3200 
)lOO 
3400 
3500 

,60;) 
1700 
3800 
3900 
4000 

4100 
4200 
430;"1 
4 .. 00 
4500 

1,.600 
4100 
4800 
4900 
5000 

5100 
'>200 
':>300 
5400 
5'500 

~ 000 
4.CJ68 
4 .. 966 
4e9S5 

1 •• 966 
5.081 
".278 

5.541 
<; .B27 
6.109 
6.316 
6.6<'1 

6.843 
7.043 
1.22\ 
1.317 
7.5l4 

1.633 
7.738 
1.831 
7.915 
1.tJ9? 

8.062 
8.129 
8.192 
6~ 2 ')2 
8*310 

8e 367 
8.421 
8.475 
8.'>27 
8.579 

8.630 
8.680 
8.730 
8.780 
8.631 

8.881 
8.931 
8.982 
9·0:H 
9.08<) 

9.136 
9.190 
9.243 

<).401 
<;Ie 45', 
9.')06 
9.551 
9_608 

9.658 
9,106 
9.75, 
9.799 
9.843 

5600 g e 8S,) 
2lQQ 9.925 
'5800 -----'f.-':f6-3 

5900 10.000 
6000 to.033 

.000 
1.8.813 
42.256 
44* 242 

44.272 
45.117 
4b e 871 

41.6S5 
48.131 
49.528 
50 .. 263 
SO.947 

51.589 
'>2.193 
52.764 
53_ 30') 
53.819 

5' •• 306 
54.714 
55.219 
55.644 
'5f>.052 

56.444 
56.820 
57.183 
57.'5033 
51.871 

S3.1(;8 
''.is. 515 
58.822 
59.121 
59.411 

59.6'n 
59.9(,1 
hO.23'5 
bO.491 
60.152 

61.001 
61.21oS 
61.484 
[)1.718 
61.9'08 

62.173 
62~ 393 
e2.610 
62.823 
63.033 

63.239 
63.442 
63.641 
63.838 
64.031 

64.722 
64.410 
64.595 
64.778 
64.956 

tNFIIIIIH 
48.662 
4~e6<;17 

4~. Z .. Z 

44.242 
44.438 
44.813 

45.240 
45.617 
46.109 
46.530 
46.938 

47.H2 
41.lt2 
46.079 
48.433 
48.175 

49.106 
49.426 
49.n5 
50.035 
50.326 

'50~608 

50.862 
51.148 
'51.407 
51.65"" 

51.904 
52. t43 
52.376 
52.603 
52.825 

53.042 
53.25'5 
53.462 
'53_ 665 
'53.864 

5.r"OS9 
'54.250 
54.4)1 
S4.621 
54.801 

54.976 
5'5.152 
55.323 
55. It'll 
55.656 

'55.819 
55.979 
'56.136 
56.292-
56.44':> 

56.S9'5 
'50.144 
56.890 
51.034 
57.177 

65.136 57.H1 
65.311 51.456 

-- 6"S:484----'sY.'s-<ii-
65.655 ~7.728 
6'5.823 57.862 

H"-Hons 

1 e482 
.98'5 
e4Sa 
.000 

.00'1 
.'512 

1.029 

l~ S69 
2.136 
ZenS 
3.359 
4 d 009 

4.683 
5_377 
b., D90 
6.820 
1.565 

6.323 
9.091 
9.670 

10.657 
t i. 451 

12.255 
13.065 
l~. 881 
14.70J 
15.531 

lth,65 
11.205 
18.0109 
18.900 
I q. 7'J~ 

20.615 
21.481 
22.351 
23.2"27 
24~ 101 

24.993 
25.884 
26.779 
27.680 
28.536 

29.497 
30_414 
31.335 
32.262 
33.194 

J4.132 
35.075 
36.023 
36.976 
31.'H4 

38.691 
39.8M 
40&839 
41 0 B16 
42.798 

43.185 
44.715 

--45~17('-
46.768 
47. ?b!'J 

"HI"" 

IB[).776 
187.035 
18b.9Gl3 
t86.900 

186.aQa 
186.7SQ 
186.68) 

1M.581 
186.510 
186 .... 53 
Hlb.~la 

186.404 

186.406 
186 .... 20 
IBb.444 
166.478 
136.524 

186.560 
186.6 ... 1 
186.106 
186.166 
186.823 

186.874 
186~91q 

186.958 
186.988 
181.008 

187.016 
\67.009 
166.983 
186.931 
186.864 

196 .. 160 
186.622 
177.729 
i 77. 60') 
117.485 

1710371 
177.262 
177.157 
t 77.058 
176.964 

176.875 
176.792 
176.713 
176.6',0 
1760S72 

176.510 
L 76.453 
176~ 401 
116.354 
116.312 

lU> .. 27S 
1 H~.244 
176 e 217 
176.194 
176.116 

176.163 
116 .. 153 ---- -- -;OOO-~ -

.000 

.000 

Mil" 

166.776 
183 4 540 
180.0'51 
116.665 

Log Kp 

INFINITE 
- 401.125 
- 196 .. 7S1 

129.499 

176.601 - 128 .. 654 
173.18') - 9011-.624 
169.191 - 14.216 

166.429 - 60.622 
l63.016 - 50.915 
159.132 - 43 .. 637 
156.394 - 37 .. 978 
1.,3.0'59 - :H .. 451 

149.774 - 29 .. 141 
146.390 26.66t 
1.43.05'3 - 24.049 
139.114 - 21.810 
136. 372 lq~86q 

133.027 - 18~171 

1l9~b17 - lE:h671 
12b~3l,) - 15.338 
122.'166 - 14.145 
It9~609 n~Q7Q 

116.248 -
112.863 -
109.511 -
106.150 -
102. -r81 -

Q9.'1tl2 -
96~042 -
92.673 -
89.306 -
85.941 -

62.578 
79. no -
7S.918 
72.8<)7 -
69. B19 

66.74'0 -
63.1':>73 -
60~604 -
57.')39 -
54.475 -

51.414 -
48.355 -
45.298 -
42~ 243 -
39.169 -

36.1)7 -
33.0Bb -
10.016 -
26.987 
23.939 -

20.892 -
11.8.106 -
14.800 -
11.155 -
6.110 -

5.665 -
2.!~1.L _-:.. __ 

.000 

.000 

.000 

12.096 
lt~Z14 
lOGlo0 1 

9 .. 666 
8_985 

B .. 356 
7.174 
1d 233 
6.730 
6.261 

5.822 
5.410 
'5.0'32 
4.686 
4.3t>Q 

4.0S2 
3.161 
1.486 
1.22 /0 

2.976 

2.14\ 
2. S16 
2.302 
2.098 
1.903 

1 ~ 11 7 
1.538 
1.368 
1 .. 204 
1.046 

~ 895 
.750 
.. 610 
.476 
.. 346 

.221 

.000 

.000 

____ ~D~e~c.~3LJ~1~97~2~ __________________ _ 

-:-8.:J%% 

'r:ANTALUM ('Ia) 

Hedt 

Ground Sta'te Configura'tion 

S;98.15 44.24 0.1 gibbsirr.ol 

-1 
ti' crn 

0.00 

2010.10 

3963.92 

5521.01< 

5049.42 

6068.91 

9253.43 

9705.38 

lOGgO.32 

9758.97 

~ 

10 

10 

(IDEAL GAS) 

:E1ec"tronic Levels and Quan'tUJn l<.'ei.£t:J.? 

-1 

~ 
9975.81 

11243.63 

12234.75 

13351.45 

10950.22 

11792 ,13 

11796,11< 

12865.97 

15903,77 

14875.10 

~ 

10 

-1 

~ 
l51lLi .11.: 

1;'391.01 

17221.: .1+7 

17383.12 

17334.65 

19178 .45 

17993,71+ 

18504.72 

19657. ·'8 

2:2506.24 

~ 
12 

10 

90 

GfW:: 180.9117 Ta 

l:.HfO .::. 18'5,8 ! 0.5 kca1fmol 

lIHfi98,15 186.9:!: 0,5 .';.cal!lWl 

cm--1 

24464.40 

27069.76 

3320B,26 

38215.11 

40821< .27 

44807.65 

IdOSB,29 

t<6653.36 

53050.07 

~ 
17B 

19 11 

232 

214 

152 

140 

174 

248 

1311 

The heat of sublimation of tantalu1", has been derived from a. 3.8cond rind third law analysis of the vapor pretisUI"":! 

data of several inv(!s-:-igators. "The r-cstllt"s are tabulated below. 
kcal/mo] 

dri.ft: 
Source Range j.J5.... 

?E:2B-2952 

2004-3269 

2637-2854 

290lJ-3155 

Points 3rd l--_~~ gibbs/mol. 

Edwards, Johnston, and Blackburn Cl) 

Langmuir and r!a1ter (2) 

fiSKe <.~) 

Gi:!bnardt, Seghezzi, and Keil (~) 

OIlly !;JT;uotj"1 data was repor"t"d; however, 16 I'C:'fer,,:;; 

Only smooth ddta r-eported. 

16" 

B" 

These four studies are bdsecl on the Ldngmuir rr.e'thod. 

190 .0!:3.0 

183,0 

151.9!:lO .1 

233,1 

186.9 

186.9 

182 

190.3 

-1.1:!:1.1 

1.5 

11.2!:3.7 

-14.2 

the nurrber of ~)(pel.""'imentul de"terrr.ineltions. 

Babeliowsky <.?) report:ed a heat of sublimation value of 168.4 ! '1.0 kcal/mol. This vil11.le is based on ffidSS spectrometric 

vaporization st.udies and is calculd"ted by the second 1,1101 method. SaSilki e"t a1. (§), dlso using a. mass spec"tromet.~r, 

l"'€por"ted d heat: of sublimation value of 185.4 ~ 0.3 kcal/rnol as a.n ctv(-oT'age value in the range 2550-2770 K. The value 

chosen for the heat of sublimation whiCh, in this cdse, is "the heat of formation of Ta.(g) is 186.9 :: O.S kCdl/mol, 

based on the work of Edwa.rds et al. (.!.) and Ldngmuir and Malter (l), 

Hea"t Capac i. ty and Entropy' 

The electronic: levels and quantum weights are obtdined from Moore (~O. Above the level ti :: 19657,78 cm- l , the 

valu<:!s of a'"ld £.i listed are averdge va.lues calculated from "those given by Moore (1), There are predicted electronic 

leve:i.s have not bE;en observed Cj). These levels are assumed 'to lie above 20000 crr.-1 and "thus will not significantly 

affec"t the en.tropy a't tetnp(:!r-aturcs bela\-} 3000 K. The heat cd.paci ty and (!ntn."")py values are very similar to thOBe adopted 

by Hu]tgr-en et al. (~), being identical at 298 K dnd dLffering by 0.154 gibbs/mol in Cpo and 0.04 gibbs/mol in S' at 5000 K. 
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-< 
!" 
n VANADIUJ1 {V) V :r (RI:FERENCE STAT£) GYW::c 50.9414 ., 

( V) 3 Vanadium o - 2190 )( Crystal 

'" (Reference State) GFW 50.9414 ~ 2190 - 3693.0 Liquid 

C 
Q 

WbbsJrnol----- -------kc-allmol 3693,8 - 60UO K Id<2al G<1_S 

D 
T,~ Cpo ,. -(G~-H~2SIl)rr Hg_HC~ "HI" tlGr lug Kp 

< 0 .I)'"'tc ~ CZ't INFTNITE - Ie IOQ .1)f'lC' ~ 0')0 See cryst<!.l, liquid, mor::>.tomic g2.S 'tdbles i::.r details. 

!!.. '0' 3.136 1.711 11.6'31 .992 .COr) 
20(1 '5.228 4.674 7 ~439 ~ 55 3 .'1r:'~ 

,'" i?91J 5.9')0 6.91'5 6.'115 .0:)0 ."(1') .00') 

Z DO 5.9';.8 1, ~ 9'5 2 6.915 .Oli .0r(' .orn .0(10 

? 40') e'>.270 8.711 7.1 ~3 .624 .0('(' .00'1 
500 6.440 to .131 1.612 1.260 .. 000 .00') 

6CO b. S7a 11.317 8.l33 1.911 .(lOO .CO') 

-0 
710 6.70e 12.339 A.662 2.574 .0('0 .O~O 

'I '00 ~.8O:;O 13.2"'3 9. t8J 3.2'.i1 .nrn .000 

<II 900 7.02:0 14.0bC Q.617 3.944 ."1('0 .~')O 

IOJrJ 7.190 14 .8;')8 10.1')3 .4 • .,5'5 .00:) .OOJ 

7.180 1'5.5,)2' 10.608 5.)83 .,)00 .'100 

7.600 t6.154 11.'144 0.1)2 .001) 
7.825 16.771 11.461 0.91]3 .)('0 

1400 8.080 17.)6C' ll.861 7.698 .JCO .,)00 
1 '5 ..... ~ 8.370 17.926 12.247 8.518 .OC0 • aDO 

l,sC'o R. ',70 IB.4 Te- 12.619 Q.363 .'JOO 
1700 8.!3S/) 16.998 17.979 p.l.3io .1CO 
180'1 9.130 1 q. '512 13.327 1l.132 .JC't:' 

9.C,SO 2"::'.C' 14 13.666 12.C61 
9.780 2e. ':):)7 13.99& 13.022 .000 

2lCO ! ::-.150 20.993 14.)17 14 .018 .cec • 'lCO .N·:) n 
?lOe 1 ~. 1)4 3 Z'L970 14.643 2C."20 .OC~ .JI"n .C'i")O 

73')0 11.043 74,461 15.,)SQ 21.624 .=',:: .')00 .1)00 J: 
21000 11.043 24.911 1'>,461 22.72fl .oce .0("1" • 30": » 
2~O(' ! t. 0103 25.31'12 1'5. t'\ .. q 23.832 .OOC .1(,1) .:)0'" III 

m 
260:) ! 1 ~('I4"3 75.B15 16.224 ?4~tj'7 .CH'\C' 
21nQ ll~ Old 26.232 16.'5!H 26.041 .(10') m 
28,)0 11.e4) 2/;~~d3 16.939 27. j4? .;)0'] -t 
?90(l 11.043 2'.(,21 17.2"0 28.2'50 
},)OO 11.043 ')7.395 17.611 29.354 » 
3101) 11.043 77.151 11.912 3rJ.45A .001') r 
32')') 1 L. 041 ;:8.108 lf3~24S 31.563 .JO':-
3300 11 ~O43 28.44t1 Ie .'i4Q 32 .667 .001) 
34(\0 1l~O41 26.718 18.84<; 33.771 .I)or .e'0r') 

1500 11.043 29.098 19.1.33 34.875 .CCO .00') .000 

3600 11.041 29.40'1 19.414 )'5.QRI') .;:'00 .,)00 .00') 
~--6.9C5 58.6tl 19~ 7H 143.831 .000 .000 .00') 
"iSOO 7 ~ ']22 ':>B.796 20.763 144.528 .::'O( .r)C0 .00':' 

1'100 7.142 0:;8.'180 2\.740 14'5.236 .oor 
4JC) 7.2t.5 59.163 22.674 \4:'.<')')6 .000 .01'10 

4100 7 ~ 3a9 'S'L)44 23.566 146.66? .0:).) .000 
4200 7~~d4 'i96523 24.420 141.431o • ')ro 
4100 7.640 ')9. rOl 2').238 14B.192 .000 
4400 1.766 '59.978 26. 'J23 148.G6? .'iOO .'Joe 
45')0 7 ~ a 92 60 DO')'. 26 6 178 149.745 D')(I(' .I"O"J 

46(111 fI~016 60.229 21.503 150.540 .'Jr:fj .)00 
4100 8.140 61) .403 28 .lr I 151. '>i48 .00:1 .OOI"l 

4800 8.262 60. '576 28.874 1~2.16B .ClCO .000 
4900 B.383 60.147 2'1.'523 1'53.001 .JOO .0')0 
5/)0:) B. '501 6 ~ .918 30.149 153.84'5 .OPI' ~ 1(00 .coo 

510(1 6.616 61.0sr 30D 754 1'54.701 ~ oer:- • Jeo .ooc 
')200 R.729 1;.1.2'56 :<1.319 l55.568 • (H'r .1(0 .n.)o 
'5300 B.83? 61.423 31.905 15&.446 .oc,:, .oce .OC .... 
":i40C 8.946 6! .SR9 32.451 151.336 .ccr · ~ro .OCO 

'5"00 '1.C)5C 61.754 '2.';li')'. 158.235 ~ ~oc .0CO .0'10 

')6')(' 9.150 61.918 33.499 I,)Q.14') .oel) 
')7')0 9.246 6"2.CI:II 3).9<;9 160.06" .OQC> 
';FlOO 9.)40 62.243 )l •• 4B5 16".995 .'100 • OCr) 
59C1 9.429 67..4')3 34.9'57 !61.933 .')00 .000 
6000 9.515 62.'562 35.416 162.860 • ocr: .0"'''' 
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~ 
CF'\~ 50.9414 

I')' 
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,,0 

'>00 

1,00 
7C; 
I'll'''' 

IS l' ~ 

[4'1'-

1',:)'-

I'>C'" 
lrr;r 
18l'(1 
!'DO 
2'1:)'1 

?'>c.'"' 
/7C'\ 

----~ibh~!m(tl ~~-_ 

Cp" ~~ -(G"--H"Zlolb)rI 

• ~('iJ 

<. 

10.'."0: 

1,.51('. 

'. 
T. ~ q C 
7.,.,;:, 
7.12'5 
!1. ~>~O 
!1.3}r, 

P.'.>1C 
)j.fj".,) 

Q.11e 
9,4')0 
9.780 

U.'d'i 
12.'1'1'1 

1. 7 11 
' •• 674 
f.'}!5 

h.9'>? 
i). 1\ ~ 

1(,.13\ 

1l.311 
12.1)<; 
1 3. 24 ~ 
14.C<''; 
\4. ~"Q 

-';.'·02 
/-'.154 
".711 
7.3&<: 
T .Q2o 

1301./(' 

111.'19:.1 
lq. ~,U 
10.014 
'C.5'll 

7"3.1">'5 
<'LiP7 
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h.91 

to ~ ') t " 
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9.1J3 

In. 

10.'>08 
1l.'JC,4 
11.46[ 

Il.%1 
j?l47 

l.619 
2.'17'1 
1.321 
3.1>66 
?I.Q Q 6 

15. ~ 3;> 
11,.1.-' l 

1-

H"-lr2'J~ 

1,109 
.SCI? 

• ';>5 ~ 
.o')c 

.Cl1 

.624 
1.76C 

1.Z')1 
3.941, 
4.f,')<; 

'i. ~ 8 3 
1,.1"2 
10.90) 
1.698 

d.'>lB 

I. H:d 
1:.23" 
11.132 

J.on 

.1:-."16 
1 ').(!5~ 
1<'.l3? 
17.2(,(
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1'.f-61 
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~aw te:rnp,zrature (T r,) l'C"SU~ ts :J~ l1u'S.i.\,s et ,:.1. (,i) do 

in part d\.H~ tc. the ir.~pt...r.i t.y i:l tile' 

juining c~f til'" (_po ·,falu.~s., d i:r<.tpLici,1 

,j<J,t>J (:::"!) -,,;-a:; u::"<ic1 to deriv.;, 

§9\~r..£.~ 

( ~) 

(§.) 

Goh.t".lin a.nu K:)zloysk.JYcl ('!..: 

roug))~y L-10'. -.J.DCVC 

Ber.::,:;:,;,: 

:::~':':!. 
l'JbS 

19b2 

.'1><thod 

Cpo 

~:J. ') 414 v 
U \c"lil7l01 

.is ) '.:.c.ctl;;r,cll 

~. '-' t- ! 1. S:::: );c,Ll./mol 

.l~ .2:!: i.e. kc~l/mol 

,·.i.dds 

,;raphicdlly • 

~~l.f.'j_1.L:::~~i:'!'J? 

:0.08 ;, 

I:. Thi 0; 
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3. ::. 

i' .. fin .. (cl', 

J CrdnLle an" 

Or,:"', and 

,'.mer. Chern. 

t r,-In zu~, i :"" j • 
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Vanadium (V) 

(Liquid) GFW 50.9414 

---gibbs/mol----. 

T. "K 

300 
40r. 
50 0 

!"t"j 

1.601 

,')"'0 

41n[l 
42 .... (\ 
41""" 
440.') 

45<j" 

CpO S" -(G"-W:l:93)(r 

"'.95(' 

').9'>8 
6 ~ 270 
6.440 

6.'i"!C 
6.7('0 
6.850 
7.02(1 
7. t90 

r.3'lC' 
7.6CO 
'.1'12'1 
8.080 

11.043 

11.()43 
Il.043 
11.(>43 
11. Cil.3 
11.043 

11.r'4, 
11."!43 
11.0(.3 
11.043 
11.('43 

II.C43 
11.(141 
11.043 
11.J4] 
11.Oq 

11.')43 
11.00103 
1 J .(>4, 
II.J43 
11.043 

'1. 7"3 ( 

d.767 
10,<;2B 
1J.<l'.f 

H.13? 

1 <;;. 87<; 
16.623 

7.317 

" 
?r:·.45lo 
2l.ln 
21.7'54 

;:>".815 

27.<9') 

'27.7<;7 
?a.lS8 
2B.".:,.<I 
211.118 
?9.C'9fl 

J'J.84" 
11.111 
31.111 
31 

3. 7~O 

8.no 
8.968 
9.42 T 

9.948 
10.4113 
1(.995 
JI.':'')? 
11.969 

12.424 
12.RS"l 
13.27A 
13.670 
14.062 

14.41"J 
l4.AI) 
Pi.IAl 
1'). '>43 
IS. B98 

11. A67 
lrl.169 
I ~."'64 
IS.F)2 
19.(,'14 

101 

22.61 A 

Ir-H~n.oI 

.0<J" 

.':'11 

.624 
1.260 

1.911"' 
2.514 
3.251 
1.944 
4.65'5 

').383 
6.132 
os'?; '3 
7.f>98 
B.5Jfl 

G.b21 
I J. 72 7 
1 1 .8~1 
12.936 
14.040 

?n.M/) 
11.77(' 
n.874 
2J.9 rq 
2'5.08, 

187 

1(; .t-i.'4 

37.230 
36.B'5 
., 9 ... ~<J 
4", • .,4; 

4 J .641 
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4.771 
4.771 
4.?71 
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4.271 
".7.11 

';.531 
4.1'64 
4.97t 
'i.14{
S.2R9 

.1'(1':' 

."r( 
ar:r r 
.ot:'r 
.rrr 

• eer 
• rr:e . :'~',) 

lu').l?e 
1:4.R2f1 
1,)4.482 
1('4. 

AGe 

3.710 

3.726 -
3.545 
3.363 -

log Kp 

2.1)4 

Z.715 
1.937 
1.410 

t.159 
.937 

? 'II<. • 770 
2.638 .641 
Z .456 .'i31 

"2.774 .4'>2 
7. ')<1J .381 
!.911 • ]<'1 
1.73'J .270 
1.<;4"1 - .726 

.467 

.1C0 

.('1r'1(, 

.C('!' 

~ oer: 

.ar') 

.00<: 

.IRS 

• ~ 11 

.073 
- fl"" 

_ 00r; 

.C;)') 

.(';')(1 

.ooc 

.JOJ 

.Gr')") 

Il.6'i7 - .621 
1/._ '.it'l2 .75'.i 
] 7.339 .8131 
20.169 l.fl07 
?2.99') - 1.117 

VANADIUM (V) 

8.730 gibbs/lJlol 

:!: 20 K 

Tb 3693. B K 

Heat of Formation 

( LIQUID) SfW :: 50,9!1}4 V 

~ 1: 50 kcal/mOl 

ilHv o 105.773 kca,l/mol 

The heat of formation of Vel) dt 298.15 K is calculated f!"om that of 'the crystal by ddcling (.Hm o and the diff'?rence between 

H;190-H;98 for V(c) and V(lJ. Refer to V(g) table £or aJ' additional ll.Hf 298 value as de!"ived from effusion-I!t.ass spBc'trometric 

work (1:2). 

Heat Capacity and Entropy 

Enthd:lpy da.ta in the liquid phase hdve been reported by Treverton und Margrave (;I) und Berezin et al. (?). Using levitation 

cdlorimc'try, Tr-ever'ton and Hargrave (~) det-ermined the cnthil1py of Vet) in the runge 2205-2638 K. They reported a. leas't squares 

analysis of tr,e en"t.halpy data in the forI<! HTo-H;':lB '=' 11.6527 T-5S37.7 where. T i.s degr-ee5 Kelvin and the enthalpy difrerenc~ is in 

cal/mol. The standard deviation of thE: experimental points from the calcellated ones was !:l67 edl/mol. Bt!rezin et a1. (~) also 

used a form of levitdtion calorime'try and measured enthalpies in the region 1990-2325 K. For the liquid region tht!:ir data were 

r-epresented by Hr ;:: 11.043 T_3775, ;.;ith a standard deviution of !:90 cal/mol. These 't\o!o works agree remarkably well for the 

Cp~ value of V(tl. the meaSUI'E:d enthalpy r-egion, the TT'evertoL and ~Iargrave data U) lie lower 'than th-e Ber'ezin et al. data 

(~) by roughly 600·700 cd]./mol. The two linear representcltions of the ddte in'tersect at 33BO ',oJe adopt the ell'thalpy valueo, 

of BCr'ezin -et <3.]. (1) since "thi~ wcr;( contains e:1thalpy data silrrounding the mel'tillg point and a 'I'm val,Je which is our' adopted 

valul: . 

~,--€.:J_~i-ng Data 

The adapted value. of the heat of fusia)), MimQ = 5,46 ~ 1.50 kcal/mol is based on tr-.e work by Berezin 8.1: al. (,?,). 'l'h~ actual 

value is caJ.cu]d~ed by "taking the difference in the adop'ted value of Ll;190 H;S8 for V(.e) and Vee). Refer to the heat capacity 

discussion in the tables for V(c) and V(.t) . 

Preliminapy resul'ts of exp-eriments by Ber'ezin et al .. (,?l indic<l.ted tha.t T'm for 99.9ilt pUr'€ vanadium was close to 2190 K. 

Representativ-= values of I'm r'eported tn the li'teratuC'e dr'e 'tabu1a.tee below. 

Sout'££ 

Stor-ms and 11cNe<l1 (.i) 

Oriani Mid Jont!s (!.:!.) 

i(Qcherzhinskii et al. (~) 

Adenstedt et 011. q) 

McPherson (~) 

impurities 

99 .8 -9 9 . 9 ~ 

fusion 

99. a ~ 
puri'ty not given 

TiI!.L6 
2151 ;!. 10 

2192 ~ 2 

2223 

H73 ~ 25 

2l9J 

''':02 adopt Tn:l :: 2190 !. 20 K principully since it is consis'tcnt wi"th thO! work upon :.-1!1ich ."lHmo is bused. The adopted nn value is 

also sugg-ested by Charlesworth (.§) in '>'1is compilation of elementd] m",l'ting points . 

Vdpodz.J.ti'2.!l Data 

The vdporizdtiofl of vet) \O!I1S s'tudied by farber and Sriva:,to1Vd (.l2). Re.fer to Vee) table for details Kant and Lin (2,) j 

using d cOm1)ination of effu!:iion and mass-spectrometric tccr-.niqll8s, r~ported 'the ratio of obscrv<:,d ion in't(~nsities r'clating to 

'o/2(g) and V(g) a..\'1d corresponding to the vdpor'ization of vdnadiu.T. in :he rdnge 2060-231fj K: This ratio is of the order of 10-
6 

Iolhich suggests "that at least ill 'this region the con'tributlon G~' V
2
(g) in the vapor phase rnay be neglected. l.,ineQ.r1y extraj,lolating 

these datil. to Tb the V2 pdt'ti;11 pressure is of the order of 10" smaller 'than the V partial pr·essur·c. 

Tb is calcu]dtec <0.5 'the temperature a't which the Gibbs enlOrgy change for the T'e",ction vet) -+ V(g) approaches zero. The 

difft!r'ence between l.Hi"{V, g) dnd ~.B.fO(VJ (0) at Tb is I~Hv~. Thus, Tb is ca1culat:ed 'to be 3693.8 K and uliv
Q 

is 106.773 kcal/mol. 

The 'locer'tain'ty in Tb is probably of the order of !:50 
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Vanadium (V) 

( I dea I Gas) 

T. "K 

1')0 
;.", 
79' 

lOO 

CpO 

."")0 
6. 7r ? 
(;. .h~:' 
6.217 

6.2':'9 
5.,S'1\ 
'>.783 

0"0 "i. >11')4 
7~O 

fl:)1 
91")" 6.1')(13 

1 J:Jr) 6.032 

13r(' 

6. C3f1; 
6 ~ I)?, I> 

'5.942 

16~(' 5.91;> 
ITJ) "i.B86 
19')0 5.865 
19,)(, 5.85(1 
701")" 5.842 

"i.fj41 
5.jJSI 
5. HbB 

24"0 '>.'l93 
7')00 5. Q2f. 

Z'<!"' '1. Of., !;I 

77 .... '1 f,.r'1P\ 
6.016 
to.147 
fl. ?Ib 

6.296 
6.384 
6.478 
6.577 
6. 6~? 

7,I/.? 
4')00 7.265 

'+1 ~r; ? <8'1 
7.514 
7.640 

44':0 7.766 
4"')~ 7.892 

4('."1"1 JJ. f'116 

471)0 A.14() 
48')0 B.26? 
49(1(' 8.3f'1 
SOOO 8. ,01 

5100. A.616 
'5200 a.729 
'3300 8.819 
5 t.OD R.946 
5500 9.050 

'5600 9.150 
570') 9.246 
5800: 9.341) 
<;9f)(\ 9,42"".> 

6000 9.')1'5 

GFW 50.9414 

l!ibb!>/mol---~ - __ kc:d/mo.l __ 

~~' -(G~-H~:r.!8)rr W-W%'9~ AHr' .6.,;(, 1..01=: Kp 

Jr.-'F IN! Tf. 
.Cl06 

• "c)" I 'JF 1 N ITE - I 
16.262 49.172 
"i"'.Q6? 44.Jrr 
'.3. ')44 43. ')4) ,r.,],) 

4,. ~B2 

47.674 
4A ."73 
49.'6) 
')0.0.67 
"Go 7rJ 1 

"il • .2 76 

0;), ~? (' 
", .RfH 
'i4,714 
')1,..530 
'i4- .1l3~ 

"5.11'S 

64f'. 

'>6.]19 

'6. 
"7.013 
57.242 

57.B4t 

5R.9rr. 
'59.16) 

59.344 
5°. ~2 3 
"9. 7 01 
59~ 878 
oS,). C54 

6').2Z'J 
6"'.41"3 
61' .';7b 

61. ().f17 
61.2'56 
61.4<'3 
61. SA') 
61.7S4 

61. 918 
62.081 
62.24-3 
62.403 
62.">62 

4"1.5"'4 
43.78, 
44.27') 

44.715 
45.2CJ 
45. '>7':i 
46.124 
41'..551 

46.955 
41.331 
47.69Q 
4R.()<') 

48.31,9 

48.679 
48.974 
49.2')6 

"C.030 
5".21,11 
<;('. !,Q/, 

::'C. 

51.IH 
51.>11 
51.523 
51. l!"J 
':It .A.91 

52 .'5"'~ 
52.727 

')1.111 
53.474 

'13.1,15 
53.753 
r, ~. 8?,9 
54.J?4 
')4.156 

,>4,236 
54,414 
'i4. 5/~ I 
54.M5 
';4.7B9 

54.911 
'3'5.011 
5'5.] SO 
5".268 
5'5.384 

')5.126 
55. 8~a 
55.949 

.1"'11 

.61') 
1.191 

1.775 
2.3"iQ 
2.9';>'1 

1.')48 
' •• 1'5(' 

4,154 
<;. "'if 
'5. Q ';>Q 

-:'.')')8 
7.]5'1 

8.923 
9. 'i09 

tr'.C'9'. 

11.A7S 
11 .2~2 
11.84 8 
1<'.43.<, 
13.r:2r 

1'.1'-22 
\i •• 22l 
14.826 
15.41,::, 
16. J~4 

16.61l r 

17.)1/. 

19.272 

21 .... 8.<'! 
24.?34 
24.99 t 
25. f61 
2f-.544 

27.140 

29.800 
30. (,44 

3\ 

)4.115 
3 ')~ 03 5 

3'5.9/,5 
36.8b5 
37.794 
36.733 
3<"1.68'1 
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12L2~:" 

1?1.2cr 

123.t6'" 

I" 
122. A95 

121.5B3 
In.V':? 
120."191 
12~. 648 
17':' .277 

11'L':lf-r:' 
1 

13 
QCt', 

111.811'" 
111.38."' 

119.90:" 

t"c/.4?? 
118.951 
I ~8. 49(1 
Infl.'"'''-8 
1"7."'il7 

.0:'C'O:

.re: 

• C'(l~ 
.:)::'2 

.0['[ 

.1)0:) 

.000 

.0"C 
~C'oo 

.~CC' 
.00: 
.rcr 

\ 17. 21! 81.146 
DR.'i4!'! - "i9. 308 
1 "4 .<193 - 4'5.84Q 

1'."1.2<;'1 
<n .671 

·~6. R 81 
30 .. l.7<:j 

25.681 
2 1 ~ '1 5 2 
18e9 7 1 

.,<"Ia 
86. fj0? 

72 

- 16.534 
14.<;C6 

- 17.7Gl7 
11.,7'3 
lO.O'ih 

1.106 
6.334 
"i.641 

48.203 5.017 
44.'126 4.453 

.691:> , 
1. t 'JI. 

2.727 
,91 - 2.3N 

V,) -
20.1f.0 1.I,tH 

l.221, 
.96'-' 

.47'5 .160 
R.54' .549 
., .623 - .3<;1 

• (Joe • ('-:;~ 
.'}o') ."01) 

.0("0 

~ ("IC'O 

.0('0 .000 

.:)00 .000 
• ece' .00" 

.roo 
~ JOr) 

.001 

.Qeo 
.(,CO • COt:' 

• ':I f'll) .ocr 
.)00 .0(''"' 
.00':: 
.')00 
.0("10 .00'" 

VANADIU~1 ('lJ 

Ground State Configuration 

529S.15 '+3.~4 0.20 gibbs/mol 

~C_i_' __ 

0.00 

137.38 

323.lJ1 

553.02 

2117.32 

2153,20 

1220.13 

2311.37 

2424.89 

Heat of for-mdtion 

~ 

:0 

10 

8412,94 

8 1476.20 

8578.52 

B715.72 

9541 •• 54 

9636.96 

9824.58 

10892. SO 

11100.65 10 

(IDIAL GAS) 

13801.53 

13810.90 

} ,+ ~ It, •. , 5 

14548,83 

14910,04 

l4949.30 

15000 1:l4 

15062 94 

17325 75 

g, 

10 

" 11> 

266 

en: '" 50.9'~lq V 
~Hf~ .:: 122.4 ! 2.0 k:cal/mol 

.~Hf29d.1S:: 123.2 ! 2.0 kcal/mol 

-1 
t;, cm 

22994.61 

27221.15 

32590.11 

37164.1S 

38875 .69 

41568.79 

43986.17 

45907.86 

48676.78 

s 
210 

162 

3 ~ 2 

46G 

252 

450 

376 

306 

330 

50996 .16 360 

The vapor' pressure over '1an<:Loiur;"[ was meaS'Jred by Edwdrd,! e1.. al, (1) using the Knudsen method and by l'arbe::- and S'rivastava 

(§.) us'"Lng effusion_-mass spectrometric:: techniques, Our second and "third Ia..,! a.na.lysis is tabulated below, where reaction (A) 

refers to 'the sUbli);1aticn V(e) '" VCg) and reac"tion (B), the vaporization '1U·) :: V(g). 

refer-ence r-e<l.ction 

A 

A 

~ 
12 ~ 

~B..~ __ 

J 565-1881 K 

BOO-2IS5 K 

2198-21.112 

"A stdti~ticdl test discounted the 1766 Y duta poin't. 

t:,Hr 29ij> kcal/mol 

2nd law 3rd law 

121.67!O. gg 

121.50~1.48 

113.04:!;5.3lJ 

122.95 

123.45 

1] 9,18 

drift! eu 

O. 'f2!O. 55 

o .91!:O, 7::1 

::: .55:!;? 30 

We adopT 123.2 kC<l.1/rnol for vee). Thi3 value, whi.ch .i.~ identical to £.Hs;98' is a m~dian of the two sUblimd1..io n 

st:udic~;, et al. (2) reported a third ldl-i value of 123.089 ! 0.750 kcal/mol based 0n a Knudsen vapor pressure study 

in the range 1771-1880 K Dy Saxer (~). This !'~5ult is consistent with o"...l.r adopt:ccl v~:1u\::. 

The results of Kant and Lin (~) indicat\::d that th0. partial pressure ot V;;(g) iB negligible in the temperi:ltur;,. rdnges 

stud ted above, 

Heat CapacitY __ E-~':!.~t):ntrop'Y 

The. electr'Onic energy levels and quantum ';'!eights are obtaine0 from 1100re (~). A.bo·.,,~ the level f-i = 15062.94 em-l, the 

values of t i and 

values dr'€! very 

tahulated are average values c<>.lculated from those giVen DY Moore (.:!..). The heat c<.Ipacity and <:'ntr-qpy 

to those adopted by Hulteren et i1~. <.~), bein~ idlOntical at 298.15 K and diffeY"ing by 0.01-15 gibbs/mol 

CpQ a:nd 0.0.·' gibbs/rnol in s~ at 3800 I:. There a.re predicted levels wnich hav<:' not been observed and/or classified. It is 

not expected that 5 298 · ... 'oLlld be effect"ed by the missing s"tates, bu"t "thclt: in the !"'ange 3000-60001<, an error of 0.2-0.3 eu 

might r'~sult. 
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